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I. Preliminary. 


In my paper on the serpentine and associated rocks of the Lizard 
district *, I made a few remarks only on the hornblendic and other 
schists, as the investigation of that series was foreign to the purpose 
then in hand, and in the concluding paragraphs I incidentally men- 
tioned it as being “ probably about Lower Devonian age.” Soon 
after the publication of that paper I began to pay special attention 


* Quart. Journ. Geol. Soc. vol. xxxiii. p. 884. 
Q.J.G.8. No. 153. B 
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to the structure of metamorphic rocks of sedimentary origin, and 
before long to feel the gravest doubts as to the possibility of the 
great mass of schists associated with the Lizard serpentines being 
of the same age as the slaty and little-altered Cornish strata, which 
belong mainly, if not altogether, to the later Paleozoic period. Each 
year’s experience with the microscope and in other regions did 
but strengthen this conviction, which of late I have ventured to 
express frequently ; but it was not until last Easter vacation that I 
was enabled to revisit the Lizard. In about ten days of hard work 
I examined with considerable care the coast sections of “‘ hornblende 
schists,” as indicated on Sir H. De la Beche’s map, from the Lizard 
Head to Porthalla on the east, and to Polurrian Cove on the west. 
During the major part of this time I had the advantage of being 
accompanied by my friend and former colleague the Rey. E. Hill, 
Tutor of St. John’s College, Cambridge, whose friendly aid I most 
gratefully acknowledge. A large series of specimens was collected, 
and evidence obtained, which to my mind is conclusive as to the 
vast difference in age between the “hornblende schists ” and the © 
slaty group. A number of the specimens have subsequently been ex- - 
amined microscopically, and the results are embodied in the following 
paper, together with some account of two outlying masses of ser- 
pentine, which I had previously been obliged to leave unvisited. 

As on former occasions, Sir H. De la Beche’s Geological Memoir 
of Cornwall and Devon was constantly in my hands, and I cannot 
forbear again expressing my sense of its thoroughness and value. 
There are, indeed, some points on which I come to different conclu- 
sions ; but this is simply because I have had the advantage of using 
the microscope; and as regards most of these, I believe that the 
author had expressed himself more or less doubtfully.. Each day’s 
work has but increased my admiration of the genius of the first chief 
of the British Geological Survey ; and I will venture to say that if he 
could have had the advantages which we now possess, he would have 
left little for our generation to do in Cornwall. 


II. Stratigraphy of the Metamorphic Sedimentary Serves and tts 
Relation to other rocks. 


In the paper to which I have referred, f state that in addition to 
the “talco-micaceous” schists of De la Beche and the normal horn- 
blende schists, there is a third group of greyish granitoid rocks, com- 
posed mainly of quartz and felspar, sometimes almost a quartzite, 
sometimes simulating a vein-granite, associated with more- horn- 
blendic, chloritic, earthy, and (as I should have added) micaceous 
layers. I may refer to pages 885-7 for a sketch of the general 
petrology of the series ; but on the present occasion, besides supplying 
many details, I trust to be able to show that there is, in addition 
tothe ‘‘talco-micaceous ” and the “‘ hornblende-schist”” group already 
recognized, a third or granulitic group. These, however, form but 
one series, enumerated in ascending order, the first being charac- 
terized by rather compact dull-green schists, whose exact mineral 
composition cannot readily be decided in the field, and by brownish 
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mica-schists ; the second by black lustrous hornblende schists, some- 
times rather massive, sometimes beautifully banded with felspar or 
epidote ; the third by pinkish-grey quartz-felspar rock closely inter- 
banded with dark hornblendic or micaceous layers. 

I will commence my description with the southern coast of the 
Lizard, in which the lowest of these groups is well exposed. In 
places the cliffs forbid a close examination ; but we are able to de- 
scend to the sea from time to time so as to obtain a good general 
idea of the group as a whole. It is, however, difficult from the 
above cause, from the want of conspicuous characteristics in the 
different beds, and from the frequency of dislocations*, to establish a 
very exact succession in the minor subdivisions. At the south-west 
angle of the Lizard Head, called the Quadrant, we find the following 
series :—a thick mass of corrugated greenish schist, with “ cherty ”’ 
bands, over which is a quartzose rock of rather gneissic aspect (p. 12) 
overlain by fissile green schist, whose constituents are so minute as 
to give it a slaty look. These have a general E.S.E. dip of about 
25°. At the top of the headland, a little further to the N., is a quartz- 
ose schist with a slightly steeper dip. I think that these beds are 
the lowest visible in the series. The coast-line indeed from this 
point to the serpentine at the south end of Pentreath beach runs 
nearly N., and 8.; but there is much disturbance, and some discor- 
dance in the dips. On the whole it is my impression, in accordance 
with Sir H. De la Beche’s views, that we reach higher beds in going 
northward. At Caerthillian (about a furlong south of the serpentine) 
the hornblende schist proper is mapped as brought in by a fault. 
The beds are not in a condition very favourable for examination ; 
there is undoubtedly a fault beyond which are some hornblendic 
bands ; but on the whole I am inclined to include all or almost all 
these beds in the lowest or “ talco-micaceous”’ group of De la Beche, 
and think that there is no important dislocation. 

Proceeding eastwards from the Quadrant along the cliffs (which 
face south), we walk over a series of greenish micaceous schists of 
rather uniform character, until we descend to the sea at Polpeor, 
and are able to pass for some little distance at the base of the cliffs. 
The lowest part of these (well shown in a tiny cove on the west of the . 
little beach) consists of a green epidotic schist in thick bands, alter- 
nating with brownish very micaceous schist, and with occasional 
lenticular hornblendic bands, sometimes exhibiting imperfect crystals 
or ‘‘eyes” of whitish felspar, which last rock has a resemblance to the 
typical hornblende schist of the Lizard district. The general dip is to 
E.N.E., about 40°. These beds continue to the main cove, being 
often beautifully corrugated on a small scale, and are exposed in the 
road descending to the beach. The headland bounding the cove on 
the east consists of a greenish schist with fairly well-marked folia- 
tion, but very minute constituents, which becomes at times epidotic. 


* Faults abound in the Lizard district; they will be noted in almost every 
cove, inlet, or sea~chasm (of which they are probably the cause). The generally 
uniform character of the rock makes it extremely difficult to estimate the 
amount of vertical displacement; but, as a rule, I believe it to be slight. 


Be 
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The general dip here is between N.E. and N.N.E. At low tide, a 
small inirusive mass of a porphyritic diabase* only exposed for a few 
yards, and rarely more than one yard in thickness, canbe seen. It 
is the only igneous rock which I have detected in this group. 

The next cove, bounded on the east by the great headland on 
which stands the lighthouse, marks the junction of the micaceous 
with the hornblendic series. This is undoubtedly a faulted one; 
but I believe the displacement to be but slight, and after more than 
one examination I retain the opinion previously formed that there 
is no real stratigraphical break between the two. The headland 
consists of hornblende schist, the beds of which dip gently under 
the lighthouse ; and the same rock is exposed a short distance inland 
on the road from Lizard Town to Polpeor Cove. From beneath the 
lighthouse to the Bumble Rock the crags are formed of normal horn- 
blende schist, with fairly well-marked bedding, which, with minor 
rolling, dips gently to the E.N.E. 

Beyond the Bumble comes Housel Bay, with its fine cliffs. Here 
the beds of the hornblendic series, which are slightly more massive 
and epidotic near the little rift at its head, appear to form a very 
slight synclinal followed by an anticlinal ; but the strike continues 
W.N.W. to E.S.E., and we seem to rise a little as we proceed in 
an E.N.E. direction, so that on the whole the beds on the Bumble 
appear to underlie those of Penolver Point. On the eastern side 
of this headland the beds are beautifully banded, consisting of dark 
hornblende and whitish felspar (which weathers a light brown 
colour), and afford indications of false bedding. The gentle rollings 
continue to Beast Point, where there is rather distinct lenticular 
bedding, but on the whole there appears to be a gradual dip to 
E.N.E. At the Point itself the dip is sharper, perhaps 30°, but 
there is much contortion. The coast-line now has a general trend 
to the north, and hence to Hot Point the variable bedding and the 
disturbances continue. At the base of the latter locality the beds 
seem to be doubled up, the strike of the roll being N.N.W. Here- 
abouts the structure of the rock is most interesting. Lenticular 
bedding is frequent, there are some of the most remarkable instances 
of false bedding on a small scale that I have ever seen (Pl. I. fig. 2), 
and indications here and there of a kind of ripple-drift. Itis impos- 
sible to resist the conclusion that, notwithstanding the great amount — 
of metamorphism, we have here a record of true “ current-bedding ” 
(whether by water or by wind) in the original constituents of the 
rock. 


*"Macroscopically it exhibits a rather compact dark grey ground-mass, in which 
are scattered numerous elongated crystals of a whitish waxy-looking felspar, 
up to about °5” in length. Microscopically the ground-mass consists of a fel- 
spathic mineral full of secondary microliths, with the original structure quite 
obscured, and of hornblende, often occurring in rather distinct prisms clustered 
together side by side, besides some grains of iron peroxide. The aspect of the 
hornblende suggests that it is of secondary origin. The larger crystals of felspar 
are also much decomposed, and all that can positively be said is that the fel- 
spar is a plagioclase. I regard the rock as a hornblendic diabase, rather than 
a true diorite. 
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From Hot Point to Perranyose Cove the more uniform dark horn- 
blende schists continue, becoming sometimes more epidotic, sometimes 
slightly granitoid as we approach the latter. The dips are variable, 
being in one place W.N.W., with much faulting and other indica- 
tions of disturbance; but on the whole the beds appear to strike to- 
wards the N.W. with a dip on the eastern side, so that we probably 
continue to rise in the series. The beds in the cove itself, dark horn- 
blende schist with marked epidotic and rare quartzo-felspathic bands, 
have a rather gentle dip somewhat to the south of E.S.E. Dark 
hornblende schists with epidotic bands continue, so far as can be seen, 
to the bay, under the Balk Quarry, where we have the first intrusion 
of serpentine. On reaching the sandy shore we find here, at the 
southern end of the bay, a decomposed and shattered schist, probably 
the normal hornblendic rock, capped, in a little reef beneath the 
quarry, by a well-marked quartzo-felspathic band, which marks the 
setting in of the uppermost division of the series. 

It may save time to give a brief description of the lithological 
characters of this group. It is generally rather distinctly stratified, 
beds of a fairly massive quartzose rock of a purplish-grey colour 
alternating with darker and more schistose bands. The former 
varies from a felspathic quartzite, containing occasional flakes of 
mica or hornblende, to a crystalline quartz-felspar rock, in hand 
specimens hardly distinguishable from a vein-granite. The darker 
layers are often rich in mica; but hornblendic or chloritic minerals 
are sometimes predominant. Commonly these rocks do not exhibit 
a very marked foliated structure. Lenticular bedding and even indi- 
cations of current-bedding are far from rare, and the whole group 
gives one the idea of having been deposited by rather variable cur- 
rents in waters of no very great depth. 

The results of microscopic examination will be given below. I 
have felt much difficulty in giving the group a name, but think that 
on the whole it may best be designated as the ‘‘ Granulitic group,” it 
being understood that garnets are either wanting, or very small and 
inconspicuous. 

The rocks of this group are well exhibited in the cliffs of the Balk 
Bay, where, as described in my former paper, they are broken 
through by serpentine and gabbro, and at low water can be followed 
for some little distance further north, beyond the “ granite-vein,” 
which, as explained in my former paper *, is only one of the grani- 
toid bands in this group. At a little headland in the bay itself the 
dip is about 45° N.N.E. The thickness must be considerable, not 
less than two or three hundred feet and perhaps more; but the in- 
terruptions caused by the intrusion of serpentine and gabbro make 
any estimate most difficult. Beyond this the cliffs are serpentine, 
and their base cannot be approached ; but after about a quarter of a 
mile we are able to descend to the shore to Polbarrow Cove, where 
we find a mass of serpentine intrusive in the granulitic series ; 
this exhibits close and streaky interbanding of the pinkish-grey and 
dark varieties. One band of the former, just to the south of a 

* Quart. Journ. Geol. Soc, vol, xxxiii. p, 894. 
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little prominence occupied by a boat-house, has a remarkable grit- 
like aspect (see microscopic description, p.18). There is much local 
disturbance, but the general dip is about 25° N.E. On the north 
side of the cove serpentine with intrusive gabbro rises to the top of 
the cliff; these continue for a short distance till a second small cove 
is reached, bounded on the south by dark serpentine * and intrusive 
gabbro, both of which break through the granulitic group, and on 
the north by the normal dark hornblende schist. The cove itself 
follows the line of faulting, by which the rock for a short distance 
seems completely ‘ smashed.’ 

The latter group was examined from above down to the sea at 
Carnbarrow. Itis the normal dark hornblende schist,with the usual 
specks and imperfect bands of white felspar, which in one place shows 
remarkable indications of current-bedding. The beds dip to N.E. or 
a little N. of this at about 20° to 30°. In the small quarry above 
Dolor Hugo, where the general dip is about N.E., the highest rock 
begins to bear some resemblance to the granulitic group. The sedi- 
mentary beds on either side of the “‘ Frying Pan” belong to the 
granulitic group, and though locally much disturbed by intrusions of 
serpentine, appear to have a general dip to the N.N.E. at about 20°. 

A great fault passes down Cadgwith Cove and brings in again the 
dark hornblende schist with epidotic bands and indications of current-' 
bedding (p. 16), similar to what we find above the middle part of 
this group. The general dip is between N.N.W. and N.W., and 
about 35°. 

These dark hornblendic rocks continue with a fairly steady dip 
until, after passing another small cove, we come to the (red) serpen- 
tine quarry on Ynys Head, where that rock is intrusive in a mass of 
the granulitic group, which also crops out among the serpentine in 
the headland immediately to the north. The general dip of the 
stratified series is north-westerly, and at about 30°. A little beyond 
is a bowl-like corrie with indications of a landslip, which leads us 
down to thesea. Here we have the black serpentine breaking through 
and overlying the granulitic group, which is exposed in at least three 
places, the largest mass, on the southern side of the recess, dipping 
roughly W.N.W. A thick dyke of coarse gabbro, conspicuously 
foliated towards the exterior, runs obliquely up the cliff. Some of the 
diallage crystals are of great size; one, which appeared fairly unin- 
terrupted, was more than four inches across. 

The sedimentary rocks seen on each side of Caerleon Covey, de- 
scribed in my last paper, belong to the granulitic group with pseudo- 
granitic bands as at the Balk. In some cases the layers of granitoid 
and of dark hornblendic or micaceous rock alternate rapidly, the 
thickness being from 3” downwards. 

The details of the coast rock of Caerleon are given in my former 
paper, as well as those in Kennack, so that it will suffice to say that 
the sedimentary rocks belong to the granulitic group, and in the 

* The variety found abundantly north of Cadgwith. 


+ Lagain examined the diorite dyke (described p. 900). I am now quite sure 
that there is no hornblende schist entangled in it. 


SCHISTS OF THE LIZARD DISTRICT. 7 


_ latter seem to form a kind of littoral fringe to the great mass of ser- 
pentine inland. Some of the former show very interesting inter- 
banding of the granitoid and dark varieties, layers from less than 
half an inch to an inch setting in and dying out—indicating almost 
certainly lenticular bedding (Pl. I. fig. 1). This is seen on a larger 
scale in the granitoid rock at the north end of the cove described 
in my last paper (p. 901)*. 

We seem then to have satisfactory evidence from these sections 
along the eastern coast that the rather uniform and thick mass of 
hornblende schist passes upwards into a more variable group, charac- 
terized by the presence of quartzo-felspathic bands, which can hardly 
be less than two or three hundred feet thick, and may be more. 

The coast for some miles northward is occupied by serpentine and 
gabbro, and a great part has been minutely described in my former 
paper; but as hornblende schist is not marked on the map, and 
as I had no recollection of seeing any, I did not think it necessary 
on the present occasion to examine this, but commenced again at 
Porthoustock Cove, to the north of the great mass of “‘ greenstone ” 
forming Manacle Point, at which my former work ended. ‘The cliffs 
on the southern side of the cove consist of “‘ greenstone”+. On the 


* At the base of the rocky projection which divides Kennack Cove into two 
bays a singular rock occurs, as to the nature of which I feel much difficulty in 
coming to aconclusion. It consists mainly of a finely crystalline mixture of 
felspar, hornblende, and brown mica, with a slight indication of parallelism in 
its mineral structure; but here and there it seems to become porphyritic or is 
spotted with patches of a felspathic mineral and a dull green, rather fibrous, 
hornblende like some of the altered gabbros on this coast ; many of these seeming 
enclosures vary up to about 3” across, but sometimes they are as much as a foot 
or two wide. The appearance suggests that we have here a mass of igneous 
rock which has broken through and brought up with it a number of fragments 
of gabbro. The mass includes bands resembling the granitoid rock of the neigh- 
bourhood, and appears to end rather abruptly. Felspar veins traverse it and 
add to the confusion. Microscopically it consists of a rather pale green horn- 
blende, felspar mostly replaced by microlithie secondary products, some rather 
altered brown mica, together with some apatite, black iron-peroxide, anda little 
quartz. Here and there are aggregated grains of rounded outline and minute 
granular stracture, which, with crossed Nicols, give a minute speckling of different 
rather bright colours. This mineral is often associated with grains of magnetite | 
(?) and sometimes seems to enclose them. The hornblende resembles that already 
described from a dyke in Kennack Cove (vol. xxxiii. p. 901), and has the look 
of a “uralitic” mineral. The felspar, however, seems to have been’in rather 
rounded grains, not in the elongated prisms common in dolerite; we meet, 
however, with the former shape in gabbros and some diorites, so that I incline, 
though not without hesitation, to regard this as an igneous rock. 

t Two specimens of this have been microscopically examined. Both exhibit 
rather elongated crystals of a plagioclastic felspar, considerably decomposed, 
extinguishing at angles which are most in agreement with those of labradorite, 
together with hornblende, which, from its irregular external form, its feeble 
dichroism and absence of characteristic cleavage, I believe to be a secondary 
product. There are specks and rods of opacite with a little ilmenite (probably) 
and pyrite. The rock was probably once a dolerite, and so may be named a 
hornblendic diabase. 

The above is cut by a dyke of felspathic gabbro. This sends off veins into the 
adjacent rock, and its greatest thickness is about 4'. It consists of a rather 
decomposed plagioclastic felspar, with the “ granular ” outlines usual in gabbro, 
agreeing best with labradorite, and of a green mineral, which often occurs as 
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northern side they are hornblende schist. The upper part of this is 
rather homogeneous in structure and very dark in colour, the bedding 
(with the foliation) dipping at about 20° to W. or a little S. of that. 
There are occasional “ eyes ” of a white felspathic mineral; and this 
structure becomes more marked as we proceed (descending in the 
series) along the coast, becoming very marked at alittleheadland where 
the dip is rather to the N. of W.,and more gentle. There is evidently 
a roll over in the beds near Penera Head, as noted by Sir H. De la 
Beche. We were not able to examine this part of the coast very 
minutely ; but the general character of the rocks agrees with that of 
the middle or hornblendic group of the south. The first mass of 
serpentine isin a small cove between Maentallach rock and Polkerris 
Point ; but I reserve for the present the description of this and of the 
larger mass to the north*. We traversed Polkerris Point rapidly, 
but all the rock which we saw appeared to be generally similar to that 
first mentioned, and we scrutinized carefully the interesting coast- 
section between this and the village of Porthalla. It will be more 
convenient to describe this in the reverse direction. The cliffs on the 
northern side of this cove consist of a brownish shaly or slaty mud- 
stone, at times slightly micaceous. This may be traced on the 
southern side of the cove for a few dozen yards, and then the rocks 
are completely smashed up by a great dislocation, on the other side 
of which we find the metamorphic series. The lowest rocks seen con- 
sist of compact chloritic or micaceous schists of a greenish colour, 
which much resemble the lowest group of the south coast; but 
among them isa marked granitoid band a few feet thick, exactly 
like one of those which further south characterize the uppermost 
group. It dips very sharply away from the fault (7. ¢. to the east or 
south-east); but the disturbances due to this and to the intrusive mass 
of serpentine just beyond make it impossible to place any confidence 
in observations. The ground also is a good deal masked by fallen 
débris, grass, and heather ; but after much scrambling up and down 
the hillside on the western edge of the serpentine, I came to the 
conclusion that these micaceous beds underlie normal hornblendic 
schist, which is well exposed in the upper part of the hill to the 
’ west of the serpentine. It is much roiled and contorted, with a 
strike roughly varying from the W.N.W. to the N.N.E. 

The serpentine is well exposed, both in a small quarry on the 


an aggregated mass of minute prisms and belonites, and is evidently a secondary 
product. The more distinctive forms are undoubtedly hornblende, and the 
general outline of the patches suggests that it has replaced diallage. There are 
some iron-peroxides, among which ilmenite can be recognized. ‘The slide is 
rather rich in apatite, the longest prisms being ‘08". The general aspect of this 
rock corresponds fairly well with that of the district near Coverack ; but when 
T examined the latter I was under the impression that the gabbro was cut by the 
greenstone (p. 913). I was, however, obliged to traverse the ground rapidly, 
and did not return, as the relations of these rocks had no bearing on the main 
objects of my paper, so I may have fallen into error. le 

* There is also alittle gabbro of the ordinary type, but I did not see a good 
exposure. 
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hillside, near to which a junction is seen with banded hornblende 
schist (generally similar to that just mentioned), and down on the 
rocky shore at low water, where this rock and its junction with the 
hornblendic series may be studied to great advantage, and some 
interesting facts observed which will be noticed below. Altogether 
there is a considerable mass of serpentine, beyond which a distinctly 
banded whitish and dark greenish hornblende schist can be traced up 
from the sea, forming the whole mass of this part of the hill. The 
dip at first varies towards either side of north, with much distur- 
bance and rolling; then it becomes N.W., and, finally, at about 
one third of a mile from Porthalla, it is almost N.N.W., the angle 
being nearly 50°. 

The slaty rock, which extends from Porthalla Cove northwards, 
has been excellently described by Sir H. De la Beche; and I only 
made a rapid traverse as soon as I had satisfied myself that it had 
no claim to be called a foliated rock, and exhibited no marked 
metamorphism, unless a probable slaty cleavage (coincident with 
bedding) be so called. Hence I content myself with referring to 
the microscopic structure of the generally similar series on the 
western coast (p. 11), and, passing over the quartzose and calcareous 
bands, at which I have merely glanced, proceed on to a locality 
to which, as having an important bearing on the relation to the 
hornblende-schist series, 1 paid particular attention. Sir H. De la 
Beche draws attention to three conglomerates which he observed 
in this slaty series. The most distant of these I had not time to 
visit; but I made a brief examination of that west of the Nare 
Point and a much longer one of that to the south of it. The former 
is peculiar. I did not notice the rounded quartz pebbles mentioned 
by Sir H. De la Beche, and the majority of the blocks are but 
little rounded; some have a vesicular aspect and resemble a dark 
greenstone. I thought this might possibly be an agglomerate ; but 
a specimen examined microscopically proves to be a dark quartz 
erit, such as might have come from one of the older Paleozoic 
rocks. As to the character of the bed south of the Nare Point, there 
can be no doubt it is a true conglomerate, containing in a dull-grey 
muddy-looking matrix angular fragments of dark slaty rock, of a 
kind of dark “ greywacke,” of vein-quartz, and a quartzo-felspathic 
rock bearing some resemblance to the pseudogranitic bands already 
mentioned* ; the last two are pretty well rounded, as if they had 
travelled further than the other. The materials of the conglomerate 
vary much in size; sometimes they are qnite small, sometimes 
(especially in the upper part) up to, and even exceeding, a foot in 


** Microscopic examination shows it to bea true gneiss, though not one of 
the most conspicuously foliated varieties. It consists of quartz, often in aggre- 
gated patches of grains of different sizes, felspar (orthoclase, with some albite 
or oligoclase, and possibly a little microcline), a fair quantity of colourless 
mica (probably one of the hydrous potash or soda group), and a less amount of 
a much altered magnesia-iron mica. 

This specimen has more white mica than is usual in the granulitic group, 
and may have come from some other series, such as that to which belong the 
oneisses near the Eddystone, 
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diameter. Sir H. De la Beche mentions the occasional occurrence 
of fragments of hornblende schist; but as he sometimes permits — 
himself (as was at that time inevitable) a little laxity in the use of 
the term, I was anxious to settle a point obviously of the first 
importance with relation to the age of the two series. After a 
prolonged search, I at last succeeded in discovering an indubitable 
fragment of hornblende schist, and so corroborating his statement. 
The fragments are rare; for it was not till my second visit, and 
after searching for at least an honr, that I found it. ‘The quartz- 
felspar pebbles also clearly come from a metamorphic series, if not 
from the exact horizon that I have mentioned, so that there can be 
henceforth no question that the two series are separated by an 
enormous interval of time, and that there is no approach to a 
passage of the slaty mudstones into the hornblende schist. 


Section in Polurrian Cove. 


a. Slate. 6. Breccia. c. Schist. Ff. Fault. 


Turning now to the junction of the slaty with the hornblendic 
series in Polurrian Cove, on the western coast, we find similar 
evidence of the complete separation of the two. The former 
is a smooth, satiny, blackish or brownish slaty rock, veined 
occasionally with quartz and calcite, in which are lenticular 
sandy bands, dipping generally about 30° E.S.E. The horn- 
blendic series is very massive, resembling at first sight a decom- 
posed greenstone, but disclosing on closer examination indubitable 
signs of foliation and bedding: it dips at about 70° S. At the 
junction is a fault-breccia, a yard or two thick, composed mainly, 
if not wholly, of fragments of the newer series in a rusty- 
looking matrix*. The above diagram shows the general rela- 
tions of the two series. The two rocks on opposite sides of the 
fault are as different lithologically as is possible, the one being 
almost unaltered?, the other as highly metamorphosed as is 
possible. : 


* This is described by Sir H. De la Beche, though with much hesitation, as 
a conglomerate. I think that there is a better exposure now than on the occa- 
sion of his visits, and that there can be no doubt on the matter. 

tT I believe there is a true cleavage, but correspondent with the bedding ; the 
surfaces of this have been rumpled by subsequent lateral pressure, which has 
left its mark on the microscopic structure of the rock. This would be termed a 
“ phyllite ” by many continental geologists, and much resembles some specimens 
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Proceeding southwards, along the foot of the cliffs, the dip of the 
hornblende schist soon changes to 8.W.; on the south side of a little 
cove it becomes (being very steep) W.S.W., and on the other side of 
a jutting headland is even slightly north of west. The rock now 
exhibits the white spots or “‘ eyes ” of felspathic mineral, and, as we 
rise in the series, shows epidotic bands, and then becomes markedly 
striped with whitish and blackish layers. By the signal-station on 
Henscarth the banded hornblende schist (rather contorted) has a 
high W.N.W. dip (over 70°). Inthe neighbourhood of Mullion Cove 
the banded hornblende schist is considerably crumpled * and dis- 
turbed, and the final dip, where it meets the great mass of serpen- 
tine on the southern side of the cove, is a high one to E.N.E. This 
mass of serpentine is probably bounded on both sides by faults ; the 
hornblende schist, of the ordinary banded type, south of it dips 45° 
N.E. (in the notch where the streamlet from Higher Pradanack 
tumbles to the sea), and continues for some time about E.N.E., 
changing near Pedencrifton to W.S.W. (about 50°). Further south, 
on Pradanack Point, the schist becomes very massive, in hand speci- 
mens resembling a diorite, and continues to dip steeply towards 
the west. On the line of cliffs fronting the south, near Ugethawr, 
the beds are almost vertical, but incline to the 8. W. ; and this general 
dip continues, becoming less steep and with much local disturbance, 
till we come to the serpentine at Ugethawr. This rock continues 
till we again reach the schistose series, as already described, at the 
south end of Pentreath Beachy. 

It appears, then, as the result. of the above observations, that in 


in the “Etage Revinien” of the Ardennes. I have examined microscopically 
two specimens, one from a micaceous sandy band on the north side of the cove, 
the other a typical specimen of the slaty rock. The former consists of angular 
and subangular fragments of quartz imbedded in a minutely granular earthy- 
looking ground-mass, the result of decomposition of felspathic constituents, 
with many scales of micaceous minerals ; of these some are colourless, possibly 
belonging to the hydrous soda or potash group, others are a brown mica; 
minute granules of ferrite, opacite, possibly of graphite, abound, and irregular 
ferrite-stained cracks traverse the slide, roughly following the bedding. The 
majority of the minerals are clearly of clastic origin, and the amount of meta- 
morphism is not great. In the phyllite the micaceous and felspathic constituents 
predominate, but there are still abundant grains of clastic quartz, though more 
minute ; opacite occurs plentifully with an arrangement somewhat similar to the 
last, and there are indications of subsequent crumpling. It is less easy to be sure 
of the origin of the mineral constituents of this rock, owing to their small size ; 
but Iam convinced that though there has probably been a certain subsequent 
development of sericite and other microliths, all the larger constituents are of 
clastic origin, and the amount of metamorphism is less than is found in most 
chiastolites and “ spotted ” slates, 

* IT noted W.N.W., W.S.W., and E.N.E. dips there, which clearly proves 
rolling : the junction with the serpentine on this “‘side of the cove” is, I believe, 
a fault; the copper-mine appears to have been opened in the fault-breccia on the 
boundary. 

Tt The small knolls of hornblende schist: exposed near Kynance, on the shore, 
described in my former paper (pp. 888-9), belong to the banded part of the 
series. [reexamined the singular variety there described, which may possibly 
indicate a reappearance of the schist 7m sitw, and feel satisfied now that it is 
not an igneous rock. 
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the southern district, where we have the longest succession of the 
hornblendic series, though not the largest area, the dominant strikes 
vary from W.N.W. to N.N.W., and so may be described as roughly 
N.W.to8.E. This continues as far as the neighbourhood of Cadgwith, 
after which the strikes are more discordant ; but on the western coast 
we have the same tendency to a N.W. strike, with now and then, 
as in the other regions, a deviation to the eastern side of north. Sir 
Henry De la Beche’s record over the northern area of the hornblende 
schist gives a general W.N.W. strike, so that we may pay less atten- 
tion to the observations near Porthalla, and say that the normal 
strike of the metamorphic series is roughly N.W.-S.E., the beds 
ascending in the easterly direction. Taking 1} mile (6600 feet) as 
the breadth of the series exposed in the southern area, measured 
from 8.W. to N.E., and 30° as the average dip, the maximum thick- 
ness of the whole series would be 3300 feet, of which rather less 
than three fourths would belong to the hornblendic group, and 
perhaps 300 feet or so to the uppermost group; but this total 
estimate may well be considerably in excess of the truth. 


III. Microscopic Structure of the Metamorphic Series. 
A. Micaceous Group. 


This group, as has been already said, is well marked in its litho- 
logical characters, consisting chiefly of a number of somewhat com- 
pact dull-green schists, often with a rather “ satiny” lustre, com- 
posed evidently of very minute constituents, moderately fissile, with 
sometimes a slightly flinty fracture, not seldom very beautifully 
corrugated. With these are associated occasionally very distinctive — 
mica-schists, and others that are hornblendic, the latter mineral, 
however, being a dull green, and not the black lustrous variety com- 
mon in the group above. As will be seen, the green constituent 
appears very generally to be a variety of hornblende rather than a 
chlorite (indubitable specimens of which do not seem common) ora 
mica; but as the latter mineral is not seldom present, and pre- 
dominates in some bands, I have given this distinctive name to the 
group. 

Several specimens have been examined microscopically. I will 
describe first a series collected at the Quadrant, taken in ascending 
order. (1) A dull green schist, mottled with ashy white (p. 3). It 
is a distinctly foliated rock, the green constituent being, for the most 
part, a hornblende in minute rather irregularly formed prisms, with 
a green mica, probably an altered biotite, and a white mica; asso- 
ciated with the latter is a peculiar mineral of rather fibrous irre- 
gular structure, possibly sillimanite. There is a fair amount of quartz 
in parts of the slide. The whiter patches consist of a granular mineral, 
composed of minute aggregates, whose nature I cannot determine, 
with, in parts, much ferrite. Possibly it replaces a felspathic con- 
stituent. (2) A greyish rock of somewhat gneissose aspect (p. 3). It 
consists of quartz in granules of irregular outline and very variable 
size, but rarely exceeding -02”, about the same quantity of grains of 
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a felspathic mineral, also of irregular outline, now replaced by micro- 
liths of secondary origin, a good deal of green mica, and but little 
hornblende. Minute enclosures are numerous in the quartz, some 
being cavities. Bubbles, if indeed they occur, are very minute; 
ferrite, opacite, and a little epidote are present in-the slide. (3) A 
dull-green, fairly fissile schist (p. 3), consists of hornblende in small 
prisms, with the angles slightly rounded, ranging generally from 
-001" to -005" in length, sometimes a little longer, but oftener 
smaller, only one or two of which show cleavage-planes. It is of 
a pale-green colour and moderately dichroic; with this, often in 
large plates, is a pale-green fibrous mineral associated with opacite 
and ferrite microliths, doubtless an altered biotite. The quartz con- 
tains included microliths of hornblende and ferrite, with possibly 
some minute cavities. The minerals exhibit a wavy parallelism. 
(4) Compact rather quartzose green schist at the top of the Quadrant 
Headland (p. 3); not very markedly foliated, consists chiefly of 
well-marked quartz grains, with flakes and belonites of a pale-green, 
rather fibrous, mineral. Some of this extinguishes as a mica, some 
as a hornblende, so that we have a mixture of the two minerals. 
The quartz is generally clear, with but few cavities and these very 
minute ; microliths of hornblende (?) are sometimes present in them. 
There is also a fair quantity of a peculiar earthy-looking mineral, 
some of which may be epidote; this also occurs in some irregular 
divisional pianes cutting across those of foliation ; ferrite and opacite 
are scattered about the slide, with a few small colourless garnets. 
(5) A rather compact, finely corrugated, dull-green schist from 
beneath brownish mica-schist west of Polpeor (p. 3). This 
consists of hornblende (abundant) in rather elongated prisms, 
ranging commonly from about :01 inch long to mere microliths, 
their longer axes roughly parallel; quartz is mixed with this, and 
here and there occurs in more distinct bands. Fluid-cavities are 
present in this rock, varying much in size, and in some cases con- 
taining bubbles; these, it may be remarked, differ much in their 
size relative to the cavity, occupying sometimes from °2 to °5 of its 
whole volume. Some epidote, pyrite, hematite, and perhaps magne- 
tite are present, with a kaolin-like mineral, probably replacing a 
felspathic constituent; the slide is traversed by cracks making a 
high angle with the lines of foliation, which are crumpled up near 
them, showing that the latter are due to a kind of cleavage 
subsequently produced. (6) A rather compact green schist from 
the headland just south of Polpeor (east side) has a general 
resemblance to (3), but contains less quartz and more of a granular 
earthy-brown mineral, probably replacing a felspar, which also 
occupies some transverse cracks. (7) A rather olive-brown mica- 
schist with silvery lustre, is a very pretty object under the 
microscope. It consists mainly of quartz and mica; the former in 
well-marked clear grains, cavities and inclusions being rare and 
minute. The mica occurs in wavy bands or divergent folia. Three 
kinds are present, brown, green, and colourless. The first is pro- 
bably biotite; the second (often interbanded with it and containing 
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microliths of hematite and magnetite) an alteration-product from 
it; the third, which gives beautiful tints with crossing Nicols, rather 
resembles paragonite, and is no doubt one of the hydrous soda- or 
potash-micas. An earthy-looking granular felspathic constituent is 
occasionally present, as well as several small garnets. These are 
almost colourless, but often rather crowded with dirty-looking 
enclosures, and sometimes decomposed; a little kyanite (?) occurs. 

(8) The lustrous greenish schist, at Porthalla, associated with 
the granitoid band (p. 8), consists mainly of a colourless mica, gene- 
rally similar to that just described, with a fair amount of a green 
mineral, most of which resembles a mica, or possibly a chlorite, more 
than a hornblende. Quartz, sometimes certainly interstitial, is pre- 
sent in fair quantity, containing occasionally minute enclosures of 
the nature of which it is difficult to be certain. We note also some 
ferrite and impure epidote, somefimes in grains about ‘01 inch in 
diameter. 

(9) Compact-looking schist, nae far trom the last (p. 8). This 
consists of films and belonites of green mica or hornblende with 
quartz, the last generally clear, occasionally with filmy pale brown 
microlithic enclosures: scales of hematite and, perhaps, some very 
small garnets are also present, with one or two grains which may 
be zircon ; transyerse cracks with infiltrations, as described above. 

(10) The granitoid rock near the fault, Porthalla (p. 8). The 
slide consists of quartz, felspar, white mica, tourmaline, chlorite, with 
iron peroxide. The quartz frequently occurs in irregular patches of 
aggregated granules of variable size as ina quartzite; they contain 
microlithic enclosures of extreme smallness, often much less than 
°001 inch in diameter, many being cavities apparently empty. The 
felspar, often much decomposed, occurs sometimes in grains of very 
irregular outline up to about °3” diameter; orthoclase and oligo- 
clase (?) are present. Of the tourmaline, which is not common, there 
are one or two crystals about the above size, the rest being micro- 
lithic. I note also a little cluster of garnets. The rock has 
evidently been crushed, which obliges one to be cautious in pro- 
nouncing on its structure; but I think we may safely regard it as 
a gneiss, not a vein-granite. 


B. Hornblendic Group. 


The hornblende schist, of which I have had several slides prepared 
representing different varieties, is macroscopically a rock consisting 
of almost black hornblende, with more or less of a whitish fel- 
spathic mineral, quartz, and often yellowish epidote, the last some- 
times occurring abundantly. The crystalline grains usually do 
not exceed about 05” in diameter. It varies from a massive rock, 
difficult to distinguish in hand-specimens from a diorite, to one 
distinctly foliated, finely banded, and obviously of stratified origin, 
sometimes even showing lenticular and still more minute current- 
bedding structures. Occasionally there is an approach to a por- 
phyritic structure, denoted by the presence of eyes or spots of a 
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felspathic material. Examined microscopically, the hornblende 
generally is seen to be the most abundant material; the size 
of the crystalline grains varies from microliths up to (occasionally) 
-04" diameter ; the former, however, are generally isolated among 
quartz, felspar, &e. Where the hornblende occurs in patches the 
grains are of a moderate size. These are almost always rather 
irregular in outline, only the microliths exhibiting externally a 
crystalline form, but the characteristic cleavage parallel to «0 P is 
remarkably well developed. The usual colour is a sap-green; the 
mineral is strongly dichroic, changing from a deep tint of this to 
astraw-yellow. In some of the larger grains enclosures are common : 
these are of two kinds—one a filmy transparent mineral, apparently 
of the same colour with the surrounding material ; the other a dark 
brown, almost opaque mineral, which sometimes assumes a prismatic 
form, at others is a mere dot; perhaps this is only an iron oxide; 
occasionally the crystal is full of these. Iron-glance of larger size, 
pyrite and magnetite are present; the felspar grains are usually 
irregular in outline, and so far kaolinized that it is difficult to con- 
jecture the species, sometimes, however, the striping of plagioclase 
is still visible. The epidote is granular in form, of a pale yellow 
‘ colour, and generally gives brilliant tints with crossing Nicols, - Well- 
characterized apatite is rare ; sphene, or a mineral much resembling 
it, rather frequent. 

I proceed to notice the microscopic structure of some of the 
varieties of this rock. A specimen of the normal dark schist, not 
markedly foliated, was described in my last paper; of those exhibiting 
more definite structures, we may take the following :—(1) Rock from 
Hot Point, with some indications of cyrrent-bedding and angular 
spots of whitish felspar simulating fragments (p. 4), chiefly horn- 
blende and felspar, with some granules of an iron oxide and a little 
quartz, columnar microliths pale or colourless, some doubtless horn- 
blende.. Small grains and imperfectly formed crystals, sometimes 
aggregated, sometimes included in a hornblende crystal, of a very 
pale brown “ granular-gummy ”-looking mineral (if the term be 
permitted). Some almost certainly sphene ; but of some all that I can 
ascertain is that the mineral is monoclinic or triclinic, and ex- 
tinguishes at an angle of about 15° with its longer diameter. The 
larger grains of felspar sometimes have their outline rather sharp, at 
others rather interlacing with the matrix. They are generally much 
kaolinized,but here and there the twinning of plagioclase is preserved, 
the angle between the direction of extinction of adjacent layers not 
exceeding 15°, so that it is probably albite. The same is exhibited 
by one or two of the better-preserved grains in the matrix. An 
indistinct irregular banding is visible in the slide. (2) Specimens 
of the dark schist with white “eyes” from Porthoustock (p. 8). 
Traces of foliation ; minerals rather more aggregated than in the last ; 
a little more quartz. Some microliths like those just described, but 
less numerous and paler in colour. A granular structure, as in a 
quartzite, rather marked in the transparent patches. Among the 
hornblende are occasional grains, nearly 05” diameter, having rather 
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a different aspect from the smaller ones, which contain numerous 
microlithic enclosures of opacite and of a nearly colourless mineral. 

(3) Specimens of massive hornblende schist from near the fault 
in Polurrian Cove (p. 10). Minerals similar to those in No. 1, but 
the structure of the rock is a little coarser and more granitoid. 

(4) Finely banded epidotic rock, Cadgwith Cove (p. 6). Horn- 
blende, felspar (very decomposed), much epidote, and some quartz ; 
separation of the minerals into layers very marked; sometimes 
epidote predominating. Microliths frequent, similar to those de- 
scribed above, fairly characteristic sphene, and a grain or two of 
pyrite. Cracks roughly transverse to bedding-planes, filled with a 
minute granular brownish mineral, like one which here and there 
replaces the felspar. 

(5) White-banded hornblende schist, in Carnbarrow crags near sea 
to north of Dolor Hugo (p. 6). Structure similar to last, but 
little or no epidote, rock being chiefly hornblende and felspar. 

(6) White-banded hornblende schist, almost touching serpentine 
on west side of mass, Porthalla Cove (p. 9). The felspar in this 
specimen is almost wholly repiaced by granular brownish earthy 
minerals. The hornblende nearly colourless, similar in appearance 
to the “uralite”’ occuring in gabbros; a crack is filled with arago- 
nite. ‘The minerals in this rock have obviously been altered con- 
siderably since the period when they first crystallized ; but there is 
no appearance whatever of a “ passage ” into the serpentine. 

(7) Hornblende schist from crag just south of the termination 
of the serpentine, at the south end of Pentreath Beach. The minerals 
are in a condition very similar to those described in the last case, 
but the rock is a little coarser and more schistose in structure. , 


C. Granulitic Group. 


Two very common types of rock in this series, often inter- 
banded, and so producing the most conspicuously stratified por- 
tions, are the following:—one. a rather finely granular pinkish- 
grey rock, composed mainly of quartz and felspar, with occa- 
sional specks of a dark mineral forming inconspicuous bands ; 
the other a dark grey rock, in which the last-named mineral 
clearly predominates. Neither is conspicuously fissile, the former 
the less so. It exhibits almost every gradation, from a rock 
closely resembling a vein-granite to a rather felspathic quart- 
zite. I have selected as types of the ordinary bands two speci- 
mens collected from the north side of the Frying Pan, Cadgwith 
(p. 6). Under the microscope, the first consists chiefly of grains 
of quartz and felspar, both being irregular in outline and variable 
in size, together with a dark mica and a little hornblende. 
The quartz contains in places minute filmy microliths and cavities, 
the latter varying considerably in size; but they cannot, as a rule, 
be examined unless magnified from 200 to 300 times at least. Bub- 
bles are sometimes, but by no means universally, present. These 
certainly do not always occupy the same amount of the cavity : some- 


SCHISTS OF THE LIZARD DISTRICT. 17 


times they are about -4 of its whole volume, sometimes much less. 
The felspar is generally rather decomposed, but orthoclase and a 
closely twinned plagioclase (oligoclase or albite) can be distin- 
guished. The mica is olive-coloured, associated with opacite, and 
is probably an altered biotite. There is, I believe, a little tourma- 
line, but it is not very characteristic. The dark rock consists of 
about equal quantities of felspar (mostly replaced by secondary 
microlithie products) and a rather platy green mineral, neither 
mineral having externally a definite crystalline form. There is 
also a little of a brown mica, epidote (?), ferrite, and opacite. 
Taking now a specimen (collected from a mass caught up by the 
serpentine in the cliffs south of Poltesco, p. 6), in which the lighter 
and darker layers may be seen interbanded in a small hand-specimen 
(typical of much of the rock in the neighbourhood), we find the twe 
varieties opposed in the slide. ‘The passage between them is rapid, 
and their difference from those just described is only varietal. The 
quartz, however, contains numerous cavities, in many of which are 
bubbles, generally occupying a relatively small portion of the cavity. 
They seem often to be roughly arranged in lines nearly transverse 
to the general direction of the foliation, which here is rather more 
conspicuous than before. In one or two places is exhibited the 
curious micrographic structure, which has often been noted in meta- 
morphicrocks, rudely resembling the canal-system structure of Eozoon. 
Another specimen, “ from a little below the serpentine, near the 
arch in Polbarrow Cove, typical of much of the rock in the neigh- 
bourhood” (p. 5), exhibits a slightly closer and more irregular 
interbanding, as in a current-bedded rock. It contains less quartz 
in proportion to the felspar, and hornblende in all parts is more 
abundant than mica. The larger grains of the hornblende have 
their axes less uniformly parallel than in the former specimens, and 
parts of the slide come very near to some of those from the horn- 
blendic group. A still more remarkable specimen has been examined 
from Kennack Cove (p. 7, Pl.I. fig.1). This, in a vertical thickness 
of about 17”, exhibits four light-coloured layers separated by dark 
bands ; two of these are only about -1” thick, but another is nearly 
‘*5, and in the upper part passes irregularly into the next layer. 
The materials of this appear to be mostly rather rounded grains of 
felspar, and one, about ?” diameter, isolated in the neighbouring 
darker part, heightens the resemblance of the rock to an irregularly 
banded grit. ‘The felspar occurs in grains very variable in size : the 
majority, rather less than -01" in diameter, form, with quartz, horn- 
blende, and mica, a kind of ground-mass in which grains six or seven 
times the size, and sometimes much larger, are imbedded. The 
amount of decomposition is variable; some grains are excellently 
preserved ; others, especially the larger, are quite kaolinized at the 
centre. The boundary between the decomposed interior and the 
undecomposed exterior band is often sharp. The former is rounded 
or subangular in form, the exterior of the grains (both in the small 
and in the large) being ragged and irregular, instead of straight- 
edged as in a porphyritic igneous rock. A closely twinned plagio- 
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clase, apparently oligoclase, is very abundant ; but I think that or- 
thoclase is also present. The hornblende is of a pale green colour, 
moderately dichroic, with irregular outline and characteristic cleav- 
age. The mica (in small flakes) is of a red-brown ; some granules 
of an iron oxide are present. The largest (hematite?) encloses a 
small, imperfectly formed crystal of hornblende; microliths of horn- 
blende and mica occasionally occur towards the edges of the larger 
felspar crystals, and various microliths, some probably needles of 
hornblende, others possibly apatite, occur in the ground-mass of the 
slide. 

Specimens of the most granitic varieties of this series were de- 
scribed in my last paper (vol. xxxil. p. 886), and I have examined 
a rather more compact specimen from a lenticular band near the 
W. headland at the Balk Bay; but in the case of this, except that 
the materials are more minute, the structure is so similar to the 
others that no additional description is needed. 

The last to be described is a specimen of a rock underlying the 
projecting ridge on the rocky shore in Polbarrow Cove, whose 
weathered exterior much resembles an ordinary indurated felspathic 
and micaceous grit, an appearance which is not wholly lost on freshly 
broken surfaces. It consists of felspar, brown mica, and horn- 
blende, with some quartz, the last generally in small grains and 
sometimes apparently interstitial. The description already given of 
the minerals will suffice; but the slide exhibits a more uniformly 
eranular character than do the others. 


D. Remarks on the Structure of these Groups. 


[have discussed at some length the structure and mineral character 
of these rocks because they give rise, in my opinion, to some conside- 
rations which may prove to be of a little importance. Examina- 
tion in the field and with the microscope fully justifies us in 
classing this last group as well as the others with the metamor- 
phic rocks, and even among those which have undergone a very 
great amount of alteration. Many of the mica-schists in the lowest 
group, many of the hornblendic rocks in the middle one, and not a 
few of the granitoid bands in the upper are evidently highly crys- 
talline. Their original structure has disappeared. It is a matter 
of conjecture what was the nature of the sediment of which they 
were formed, and to this their chemical composition alone can afford 
a clue. Yet occasionally, especially in parts of the middle and 
upper groups, we have the most minute phenomena of stratification 
clearly recorded by the mineral structure. It can hardly be doubted, 
I think, that such a rock as the banded epidotic hornblende schist of. 
the headland in Cadgwith Cove, or that with the wonderful current- 
bedding at Hot Point, or such as those which abound in the upper. 
group, has been the result of an original clastic structure. It seems, 
then, possible to me that in these and in some of the curiously 
banded rocks in the upper group many of the constituents may be 
in part original. I do not mean that any one grain as it now stands 
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is an original constituent ; crystallization im situ, especially in the 
case of the hornblende and mica, has taken place to a large extent. 
In the more minutely crystalline schist, the original structure is 
very probably wholly obliterated. Still, these larger felspar grains, 
for instance, may have as their nucleus felspar grains which were 
original constituents, and may have survived the dissolution of the 
finer sedimentary materials in which they were imbedded. Then 
in the process of reconstitution, felspar (not perhaps always of the 
Same species) may have been added to felspar, quartz to quartz, 
mica to mica, and hornblende to hornblende or altered augite. 
Thus traces of the minuter structure of the original rock, even in a 
highly metamorphosed series, may now and then remain. In those 
beds where the chemical composition of the constituents facilitated 
change, or where the materials were finely levigated, the agents of 
metamorphism reduced the whole to a mere pulp (if the expression 
be permissible) from which the present mineral constituents crys- 
tallized, almost as they would do from the magma of an igneous 
rock ; but in other cases only a portion of the material was reduced 
to this condition, and those constituents which remained undigested 
would form nuclei around which the other minerals would crystal- 
lize, and would so continue to bear testimony to the original history 
of the rock itself. Thus the explanation of those granitoid bands, 
in some cases so curiously like granite veins, may be, that originally 
they were a rather coarse quartz-felspar grit. As regards some of 
the hornblende schists, one would suggest the possibility (as I believe 
has been elsewhere done by the late Prof. Jukes) of their having 
been basaltic tuffs, with which in chemical composition they would 
agree fairly well*. 

I have ventured on this digression because these Cornish rocks 
have presented structures which seem to me worthy of careful con- 
sideration by all who are studying the phenomena of metamorphism 
—a subject which has occupied my attention for some years past. 
The observations are not entirely novel. Dr. Sorby drew attention 
to somewhat similar structures in his very valuable and suggestive 
paper on the original constitution and subsequent alteration of 
mica-schist t. The agglutination of identical mineral matter has 
been noticed in the case of quartz by that author, by Mr. J. A. 
Phillips, and by myself, independently, not to mention others. In 
the gneissic series traversed by the upper part of the St. Gothard 
Pass, and in other districts, I have repeatedly noticed similar in- 
stances, all tending to show that the minute structures, and in some 
cases very probably the original constituents (at any rate as nuclei), 
may be preserved in rocks which are metamorphic in the fullest 
sense of the word. 

* See analysis by Mr. Hudleston in the Appendix to my former paper (vol. xxxiii. 
p. 924). While examining this hornblendic group I had always present to my 
mind the possibility that the more massive varieties might be really metamorphic 
igneous rocks; but I obtained no evidence in favour of this view, and am dis- 
posed to regard the group as, at any rate in the main, of sedimentary origin. 

t Q. J. G. S. vol. xix. p. 401. See also many most suggestive and valuable 
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I trust some day to treat the subject more fully ; but I take this 
opportunity of calling attention to it, because I believe that in it 
we find a clue which may ultimately enable us to solve many diffi- 
culties in that most perplexing inquiry—the relation of the meta- 
morphic and of the igneous rocks. 


IV. Age of the Metamorphic Series. 


A few words may be said in conclusion as to the probable age 
of this metamorphic series. In my former paper I called it 
‘altered Devonian,” following the authority of others which I had 
then no reason for questioning. In this one I have adduced the 
reasons which have convinced me that it must be much more an- 
cient. An immense interval of time separates its rocks from the 
slaty series found in juxtaposition. Even these deposits are not 
impossibly older than the Devonian series. According to Mr. J. H. 
Collins they are, at latest, Lower Silurian*, and their general 
appearance would very well accord with such an age. We need 
not hesitate then to assign the metamorphic series to the Archean 
Period; and, so far as we can trust the evidence of mineral con- 
dition, we may refer them to no very late epoch in this. The 
amount of alteration in the Lizard sedimentary rocks is indeed less 
than we find in the more typical representatives of the Hebridean 
series of Scotland or of the Malvernian of England. It is only in 
the granitoid bands of the Upper Group (with one exception) that 
we are reminded of the Dimetian of St. Davids, or the most crystal- 
line gneisses and “ granitoidites ” of Anglesey. But all these occur 
in thick masses, while those of Cornwall are in thin bands. In 
distinctness of bedding and in general mineral condition we may 
find parallels among some of the so-called Newer Gneisses in the 
Central Highlands of Scotland ; but, so far as I know, the latter the 
resemblances are not very close; and in touching these we intrude 
upon a veritable “ thistle-bed” of controversy, from which we 
would gladly keep clear. The closest resemblance known to me is 
between many members of the Micaceous Group and parts of a 
micaceous or chloritic series which is well developed in Anglesey, 
especially in Holyhead Island, on the adjacent coast, and on the 
northern border of the eastern part of the Menai Straits; so that, 
without pressing the parallel too far, we may, I think, provisionally 
regard the Lizard rocks and these Anglesey schists as belonging to 
about the same age. The latter, I am aware, have been claimed by 
one author as altered Bala, an hypothesis which a petrologist can 
hardly believe to have been advanced seriously. By the Geological 
Survey they are regarded as altered Cambrian, a view which I think 
recent investigation has shown to be untenable. A third authority, 
while claiming them as Archawan, suggests that they are Pebidian. 


* See Trans. Roy. Geol. Soc. Cornwall, vol. x. pp. 5, 47, and Journ. R. I. Cornw. 
vol. vii. p. 18. He appears, however, to me to have completely mistaken the 
relation of the hornblende schist and serpentine one to another and to these 
rocks, and not to add any thing to the work of De la Beche, which he criticizes. 
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But if the Pebidians of St. Davids are to be taken as typical of that 
group, and if we are to put any trust at all in conclusions derived 
from lithological studies, we must assign a greater antiquity than 
this to these Anglesey rocks. Hence, as I consider that we are not 
yet in a position to offer a definite classification of the members of 
the Archean series, I will say no more than that I consider these 
Lizard rocks to belong to some part, and that by no means the latest, 
of the record of that immense period of time. 


V. Further Notes on the Serpentine. 


I was obliged to leave two outlying patches of serpentine unde- 
scribed in my former paper on the Lizard district, but am now able 
to give some particulars concerning them. They are indicated on the 
Geological map, the smaller patch at Polkerris, the larger close to 
Porthalla. The former of these is best examined on the hill on the 
northern side of the cove, it being imperfectly, if at all, exposed on 
the shore. Itis a compact variety, with a curd-like fracture, its 
colour varying from dull reddish brown to dark green, and is tra- 
versed by numerous joints (so that large specimens cannot be 
obtained) which are coated with steatitic films of green and red 
colour. A microscopic section exhibits the usual network structure 
of doubly refracting ‘“ strings,” with an isotropic interior, which has 
been fully described in my former paper. We find the usual 
clustered granules of opacite, ferrite, &c., and one crystal, now 
replaced by serpentinous minerals, which I have no doubt has been 
bronzite. 

The serpentine near Porthalla can be examined on the hill- 
side south of the cove and at the foot of the cliffs (at low tide). 
The junction with the hornblende schist was excellently shown at 
the time of my visit in a small quarry on the latter and in several 
places on the former. Though occasionally the compact nature of 
the schist, and the changes produced by weathering or by the secon- 
dary deposits of films of steatitic minerals, render the actual junction 
slightly obscure to the unaided eye, it can be detected in the field 
on closer examination, helped by the knife and hammer, and is in- 
dubitable when the microscope is used. 

This serpentine varies from a dull purplish green to a greenish 
grey, the latter colour denoting the more weathered specimens. 
Sometimes it is a homogeneous dark rock, at other times it exhibits 
a very marked streaky aspect, reminding one of the fluidal structure 
of rhyolites. I have examined microscopically four varieties :— 
(1) from the compact dark serpentine, (2) from the grey-green one, 
(3) from a markedly banded specimen, (4) from a similar rock with 
small “‘ eyes ” of a filmy talcose mineral. The general character of 
the ground-mass resembles that of the last-described and of the 
more compact serpentines further south, the differences being only 
varietal. J consider the rock to be an altered peridotite, but to 
have been originally rather finely crystalline. No crystals of 
enstatite, hornblende, or augite are now recognizable; but some 
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clusters of opacite, associated with a colourless platy uniaxial or 
orthorhombic mineral (the whole from -01 to -02 inch diameter), 
may indicate the former presence of one or more of these; indeed, 
so far as I can judge from the traces of cleavage-planes, I should 
infer that a little enstatite, and possibly hornblende, had once been 
present. The banding is less conspicuous under the microscope 
than to the naked eye, but still is indicated by a general parallelism 
of the longer “ strings,” forming the meshes of the network, by an 
imperfect linear arrangement in the clustered granules of opacite, 
and by slight differences in the colour and mineral structure of the 
matrix, so that I regard it as a record of an original structure in 
the rock-mass*. 

In one place, at the base of the cliff, the serpentine exhibits a 
curious structure. Perpendicular to each joint-face cracks have 
formed about an inch deep, which have been filled up with whitish 
steatite, so as to exhibit a polygonal reticulation, the meshes being 
~ about half an inch in diameter. A fracture-surface shows a border, 
tolerably regular, of dull-coloured serpentine, divided by white 
lines. The inner mass is sometimes traversed by bands about 
inch wide, with light edges and a dark inner stripe. 

I may add that, in the course of my work, I reexamined almost 
all the junctions described in my former paper, and have no hesitation 
in affirming that there is abundant proof of the intrusive character 
of the serpentine in the Lizard district. Additional evidence, were 
it needed, was obtained in a quarry at Ynys Head, north of Cadgwith, 
where an exceptionally good section had been exposed, and in a 
small mass of serpentine (not previously noticed) in the hornblende 
schist to the north of Ugethawr, where the rotten serpentine is 
readily distinguished from the other rock, which it has broken 
through and disturbed. In short, I do not hesitate to say that if 
we have any evidence on which we can rely as proving the intrusion 
of an igneous into a sedimentary rock, we have it in the case of the 
Lizard serpentine and the metamorphic series with which it is 
associated. I mention this because some time since the following 
remark with reference to my former paper appeared in an article 
from the pen of Dr. Sterry Hunt, published in the (American) 
‘Annual Record of Science’ for 1878, p. 293 :—“ When it is con- 
sidered that there is abundant evidence that the North-American 
serpentines are indigenous, though often, like deposits of gypsum 
and of iron-ore, in lenticular masses ; and, further, that the move- 
ments which the ancient strata have suffered have produced great 
crushings and displacements, it is not difficult to understand the 
deceptive appearance of intrusion which these rocks exhibit, and 
which are scarcely more remarkable than the accidents presented 
by coal-seams in some disturbed and contorted areas.” I content 

* This is confirmed by the peculiarly compact condition of the serpentine in 
the narrow dyke on the shore north of Kynance (last paper, p. 920), at the 
junction at Ugethawr (ibid.), as well as in the cases described from Goonhilly 
Down, so that in these places the peridotite was probably in a glassy or very 


minutely crystalline condition (see Prof. Renard’s paper, ‘“ Peridotit von der 
St. Paul’s Insel im Atlantischen Ocean,” Neues Jahrbuch fur Mineralogie, 1879). 
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myself with remarking that Dr. Sterry Hunt has never seen the 
Lizard district. 

The serpentines of the Lizard district afford us some varietal dif- 
ferences which, hereafter, on a more minute study than can be 
given by one who is only a visitor to the country, may possibly 
preve to be of importance. The handsome mottled varieties, with 
conspicuous crystals of bronzite, occur chiefly in the southern and 
south-eastern regions, along the coast from the Balk, near Lande- 
wednack, to Coverack Cove, and for a considerable distance inland, 
at any rate to the neighbourhood of Ruan Major, the fine black 
variety with glittering bronzite crystals being found on the coast south 
of Caerleon Cove; they occur also on the western coast some dis- 
tance to the north of Kynance Cove (near the ‘‘ Horse”). South of 
that, in the cove itself, and at the Rill, as well as to the north at 
Gue Graze, George Cove, and near Mullion Cove, compact dull- 
coloured varieties are commoner, and these are seen by the Helston 
road on the northern part of the mass. In close association with 
these is the dull-coloured variety, containing small glittering crys- 
tals, which appear to be mainly a pyroxenic or hornblendic mineral *, 
found especially about Lower Pradanack and in Mullion Cove, but 
occurring locally also in one or two localities on the eastern coast 
about Dolor Hugo and the Frying Pan. A streaky structure is not 
seldom visible in these dull-coloured varieties, and this is especially 
conspicuous in the outlying mass at Porthalla, and in the more 
eastern part of the northern edge of the great mass on’ Goonhilly 
Downs (though here the rock is more highly coloured). I am 
distinctly of opinion, after reviewing all my specimens, that several 
of them, and notably the thin dykes at the foot of the crags north 
of Kynance Cove (vol. xxxiil. p. 920), have formerly been in a 
glassy or semicrystalline condition 7. 


The result of the above examination of the ‘“ Hornblende schist” 
shows that it can no longer be regarded as a metamorphic repre- 
sentative of Lower Devonian (or even Silurian) strata, but that it 
almost certainly belongs to some part of the Archean series. As, 
then, the lower limit of the time during which the intrusion of the 
serpentine may have taken place is extended so enormously back- 
wards, it seems at present hopeless to attempt to conjecture (as I 
did in my last paper) at what geological epoch this event may have 
happened, the only clue furnished us being that the serpentine on 
the western coast is cut by granite veins which are probably of the 
same age as the great masses further north, that is, later than a 
good part of the Carboniferous and earlier than the Trias. 


* In my former paper I called it augite, as it was practically colourless, and 
exhibited no dichroism. As it happened, none of the slides gave specimens with 
characteristic hornblende-cleavage. But I find the extinction-angles agree better 
with hornblende, and a specimen subsequently collected from near Lower Pra- 
danack gives several transverse sections with indubitable hornblende-cleavage. 

t See Prof. Renard, “ Peridotit von der St. Paul’s Insel im Atlantischen 
Ocean,” Neues Jahrbuch, 1879. Also “ Report on Petrology of St. Paul’s,” 
‘Challenger’ Voyage (Narrative), vol. ii. 
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EXPLANATION OF PLATE I. 


Fig. 1. Specimen from the Granulitic Group in Kennack Cove (p. 17), 
showing interbanding of light and dark bands of different mineral 
composition, and an isolated rather fragmental-looking crystal of 
felspar. 


Fig. 2. Specimen from the Hornblendie Group, Hot Point (p. 4), showing 
interbanding of layers with variable proportions of felspar and horn- 
blende, having the appearance of current-bedding. 


Discussion. 


The PrestpenT was unable to understand how any one who was 
acquainted with the sections could have the smallest doubt of the 
intrusive character of the serpentine of the Lizard. 

The Rev. E. H1rz remarked that the faulted condition of the meta- 
morphie rocks was a natural result of their proximity to the in- 
trusive boss of serpentine. He thought a rock in Sark, probably 
also of Archean age, greatly resembled this hornblendic schist of 
Cornwall. 

Mr. Huprxsron stated that the hornblende schists have a very 
different composition from the schists at the 8.W. angle of the 
Lizard Point. Some of the so-called hornblende schists greatly 
resemble a diorite, especially that at Penolver. 

Dr. Hicks expressed his pleasure at finding these Cornish rocks 
recognized as pre-Cambrian. He had himself recently observed, 
in some new areas of Archzan rocks he had discovered in South 
Pembrokeshire, a hornblende schist which simulates the characters 
of adiorite. He believed the intrusive serpentines also to be of pre- . 
Cambrian age. He remarked on the interest of Prof. Bonney’s 
discovery of a conglomerate in the slate series containing pebbles of 
the rocks of the metamorphic series. 

Mr. Drew asked for further information as to the grounds on 
which so small a thickness was assigned to the metamorphic series. 

Prof. Bonney, in reply to Mr. Hudleston, admitted that some 
of the hornblende schists closely resemble diorites, but that when 
studied in the field such varieties were found to graduate into 
ordinary hornblende schists. He could find no evidence (though he 
had expected it) of any of them being altered augitic lavas. He 
thought it wiser not to attempt to assign a definite place in the 
Archean series to the Cornish metamorphic rocks. He did not 
believe that the metamorphism of the schists was due to the 
serpentine. In reply to Mr. Drew he said that he had not stated 
the series to be so thin as Mr. Drew supposed, still at some points 
there was clear evidence of the repetition of the beds by faults. 
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2. Notes on some Upprr Jurassic ASTRORHIZIDZ and LiTvoLIpZ. | 
By Dr. Rupotr Hivster, F.G.S. &. (Read November 1, 


1882. 
[Puatss II. & IIT.] 


Tue latest researches on the arenaceous types of the Reticularian 
Rhizopoda from the Swiss Jurassic formation, especially from the 
zones of Ammonites transversarius and A. bimammatus, have yielded 
so many unexpected results concerning the relationship of certain 
species and varieties with recent forms, that a few preliminary notes 
on some important species may be of interest, as adding to the 
knowledge of the arenaceous Foraminifera in general, and giving 
new proofs of their wide geological range. 

If we examine the various works on Swiss Jurassic Foraminifera, 
the small number of arenaceous forms recorded must surprise us. It 
may to some extent be attributed to the little attention which was 
formerly paid to many sandy species, and the imperfect knowledge 
of the simpler forms, but probably still more to the great diffi- 
culties attending a careful examination of the hard marls and lime- 
stones. 

Most of the species are of comparatively small size and very 
fragile, whereby they easily escape observation. 

The total number of determined arenaceous species 1s about 60 
for the whole Swiss Jurassic formation, if we include the Textula- 
rude; but, to judge from doubtful specimens and fragments, their 
number must become considerably greater by further researches. 

These species, with an almost unlimited number of varieties, belong 
to the following genera :— 


Psammosphera. Placopsilina. 
Astrorhiza. Trochammina., 
Rhabdammina. Ammodiscus. 
Marsipella. ‘ Hormosina. 
Hyperammina. Webbina. 

Lituola. Thurammina. 

Reophax. Textularia (Plecanium). 
Haplophragmium. Bigenerina. 
Haplostiche. Valvulina. 


By far the greatest number have been found in the lowest beds of 
the zone of Ammonites transversarius, from which all the specimens 
figured in this paper are taken. 

While a few species are identical with Carboniferous or Permian 
forms (T’roch. (Am.) incerta, gordialis, pusilla, filum), most of the 
others most nearly approach recent deep-sea varieties, from which 
they often differ but very little. The resemblance of the Rhizopodal 
fauna of the Jurassic ‘“sponge-beds” to that of the deep sea is 
the more surprising, as many of the species have not been found 
in the younger formations. 

As a more complete memoir on the Foraminifera of the zone of 
Amm. transversarius will appear next year, only a few species and 
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interesting varieties will be described and illustrated in this short 
paper. 


PsaMMosPHZRA Fusca, Schultze. Plate II. fig. 1. 


There occur in the oldest beds of the Argovian stage, and again 
in the zone of A. bémammatus*, minute spherical bodies of a 
coarsely arenaceous nature, without any large pseudopodial apertures, 
which agree in their principal characters with Ps. fusca, Schultze. 

The cement is generally hyaline ; but in a few cases a light yellow 
colour has been preserved. These spheres are very small, never 
exceeding 0°6 mm., and composed of large grains of quartz-sand. 
In the specimen figured, Pl. II. fig. 1, 4 part of the cement has 
been removed with dilute hydrochloric acid. 

Before treatment with acids many arenaceous Foraminifera 
(Psammosphera, Reophax, Trochammina, &¢.) are very difficult to 
distinguish from grains of sand or fragments of other organic 
remains, as they are usually covered with a thin deposit of carbo- 
nate of lime. 


HyYPERAMMINA VAGANS, Brady. Plate II. figs. 2-6. 


In the whole Middle and Upper Jurassic formation we meet fre- 
quently with the large, tubular, finely arenaceous tests of this species. 
Some free and attached forms have been erroneously described by 
me as purely siliceous and externally corroded organic remains f. 
The species is very variable as regards its external appearance, 
being entirely free, fixed, or partly free, straight, irregularly bent or 
twisted, sometimes spiral. The latter forms are alwaysfixed. The 
simplest specimens form a large bulbous chamber drawn out in a 
long conical tube. H.vagans is the largest Jurassic Foraminifer, as 
it reaches a total length of several millimetres when attached to 
the stems of Crinoids, valves of Brachiopoda, &c. 

From the recent forms described by Brady ¢ they differ very 
little. 

Though generally of pure white colour, specimens of a brownish 
colour are often met with. 


REoPHAX MULTILOCULARIS, sp. Nov. 


Test long, slender, fragile, straight or irregularly bent, consisting 
of 22-25 small segments separated by slight constrictions. Oldest 
chambers broad, youngest oblong, rounded; test built up of com- 
paratively large grains of sand, firmly cemented by a colourless cal- 
careous cement. Surface very rough. Length | mm. 

In its general outlines, R. multilocularis bears some resemblance 


* In a paper “ Die Astrorhiziden und Lituoliden der Zone des Ammonites 
bimammatus,’ Neues Jahrb. f. Min. &c. 1883, vol. i., several species have been 
briefly described and figured, to show their identity with the forms from the 
older zone of Amm. transversarwus. 

+ Hausler, Untersuch. iiber die micr. Struct. d. Aarg. Jurakalke, p. 25, 
pl. i. figs. 16, 20, 52-54. 

t Brady, “ Notes on some of the Reticularian Rhizopoda of the ‘ Challenger ° 

Exp.,” Micr. Journ. vol. xix. p. 14, pl. v. fig. 3. 
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to R. nodulosa, Brady, but the texture is sometimes like that of R. 
scorpiurus, Montf. 

R. multilocularis appears to be characteristic of the Lower Malm 
of the Canton Aargau, where several specimens were obtained from 
a bed with numerous Cephalopoda. 


ReropHax HELVETICA, Hausl. Plate II. figs. 8-10. 

This species was described by me as Dentalina helvetica * from the 
zone of Amm. transversarius. It has since been found in the younger 
sponge-beds of the Swiss Malm +, but is nowhere common, and gene- 
rally in small fragments. 


Reopwax scorpiurus, Montf. Plate I. fig. 7. 


The figure represents a unilocular Lztuola, which is probably 
identical with R. scorpiurus. The tests are generally of small 
size, seldom exceeding 0°8 mm., flask-like, somewhat pyriform, or 
long, cylindrical, often slightly constricted, or bent, of a coarsely 
arenaceous nature, and not rare in the sponge-beds of the lower 
Argovian étage. Small fragments of this or a nearly related spe- 
cles are common, but difficult to distinguish before treatment with 
acids. 

There occur in the same beds other coarsely sandy tests of doubt- 
ful nature, which, owing to their bad state of preservation, often 
with chemical changes, could not be determined. 


PLACOPSILINA CENOMANA, d’Orb. Plate III. fig. 1. 


P. cenomana is one of the commonest arenaceous species of the 
whole Jurassic formation. 

In certain banks of the Lower Malm it is almost impossible to find 
shells of Brachiopoda without traces of Placopsiline and Hyperam- 
mine. Typical specimens differ in no way from those of other 
‘formations. 


‘THURAMMINA PAPILLATA, Brady. Plate III. figs. 2-6. 


The Jurassic Thurammine differ but little from the recent forms 
described by Brady. Some of the specimens still show the 
peculiar yellowish colour. 

As the recent Th. papillata is very variable, we meet also in the 
transversarius-beds with a large number of varieties, passing from 
small, almost smooth, Orbulina-like forms to the large (1 mm.) 
papillated types. 

In a few instances polythalamous specimens similar to that men- 
tioned in Brady’s paper were observed. As Uhlig § discovered the 
same species in the zone of Amm. transversarius in the neighbour- 
hood of Brunn, 7h. papillata must be a widely distributed species, 
mounting up into the zone of Amm. bimammatus. 


* Hausler, /. c. p. 34, pl. ii. fig. 45. 

+ Hausler, ‘‘ Die Astrorhiziden &c.,” Neues Jahrbuch f. Min. 1883, vol. i. 
p. 59, pl. ii. fig. 11. 

t Brady, /. c. p. 26, pl. v. figs. 4-8. 

§ Uhlig, “ Ueber einige oberjurass. For. mit agglut. Sch.,” Neues Jahrb. f. 
Min. 1882, vol. i. p. 152. 
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THURAMMINA HEMISPH@RICA, Hiiusl. Plate III. figs. 7-9. 


Test invariably fixed, nearly hemispherical, monothalamous, 
with few indistinct papille placed round the margin. 

Test finely arenaceous, very thin, transparent. Diam.0°5mm. By 
its simple, more or less hemispherical chamber, the smallness and 
arrangement of the few papille, and the very thin, hyaline test this 
species is easily distinguished from the fixed varieties of Th. 
papulata. 

T. hemispherica is not common, but widely distributud in the 
zones of Amm. transversarius and A. bimammatus. 


From these few notes we may conclude that probably most of the 
recent genera of Astrorhizide and Lituolide were already represented 
in Mesozoic sediments, either by the same or nearly allied species. 

Though the zone of Amm. transversarius and chiefly its sponge- 
beds are the richest in arenaceous Foraminifera amongst the Upper 
Jurassic sediments, yet a careful study of the microscopic remains of 
the younger beds is sure to yield better results in time. Amongst 
these the zone of Amm. bimammatus (étage Séquanien I.) with a 
well-developed fauna of hexactinellid sponges is undoubtedly the 
richest ; but the collecting offers great difficulties. A good many 
Astrorhizide and Lituolids were, however, collected about six years 
ago at Auenstein, Remigen, and the Rhyfluh. 

From the zone of Amm. tenwilobatus about ten species are known 
from Baden and the Lagern. The English Upper Jurassic deposits 
seem to be much less rich in arenaceous Foraminifera. 

The distribution within the limts of the zone of Amm. transver- 
sarius is very irregular, so that up to the present time certain spe- 
cies are known only from a small district or even a single locality, 
where the conditions for their preservation must have been specially 
favourable. 

With the typical forms we meet in almost every zone with varie- 
ties or monstrosities from which many interesting facts concerning 
the relationship of widely different species may be obtained. 

As a rule, we observe amongst the Jurassic Astrorhizide and Litu- 
olide that all the hosts of varieties show a strongly marked tendency 
to fall back into the simplest typical forms, which, from their wide 
geological range, we are obliged to suppose possess the greatest 
chance of surviving in the struggle for existence. 


EXPLANATION OF THE PLATES. 
Puate II, 


Fig. 1. Psammosphera fusca, Schultze. 
2-6. es pia vagans, Brady (spiral var.). 
7. Reophax scorpiurus, Montf. (?). 
8-10. Reophax helvetica, Haus. 


Puate III. 


Fig. 1. Placopsilina cenomana, d’Orb. 
2-5. Thurammina papillata, Brady. 
6. Thurammina papillata wpon Hyperammina vagans. 
7-9. Thurammina hemispherica, sp. nov. 
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DiscussiIon. 


Prof. Rupert Jonzs said that these deposits seemed to be of much 
interest. The difference of shape in Foraminifera was so great 
that it was not an easy task to settle the limits of a species. He 
described the mode of formation of the tests of arenaceous Forami- 
nifera. The author had doubtless spent great pains in working 
out these Foraminifera. Arenaceous Foraminifera (Nodosarians) 
occur as far back as the Permian. ‘The Society was indebted to 
Dr. Hausler for his important addition to our knowledge of the 
Swiss Foraminifera. 
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3. On Huticopora, a NEW Sprrat Genus (with Taree Spxcrus) of 
Nortu-American Fenestectips. By Prof. EK. W. Craypors, 
B.A., B.Sc. (Lond.), F.G.S., of the Second Geological Survey of 
Pennsylvania. (Read June 7, 1882.) 


[Prater IV.] 


Tue Silurian, Devonian, ‘and Lower Carboniferous rocks of the 
Mississippi basin of the United States consist of thin limestones, and 
form altogether an insignificant mass when contrasted with the 
enormously thick deposits of the same age on the Atlantic border in 
Pennsylvania and the adjoining States, where the beds of corre- 
sponding age, composed for the most part of sandstones and shales, 
reach a thickness of from twenty to thirty thousand feet. Of 
these western limestones the Niagara group, the equivalent of the 
English Wenlock beds, has yielded a very rich harvest: of fossil 
remains in almost all places where its beds are well exposed; but, 
being a typical dolomite, its fossils almost always occur as casts, the 
shells having been, except in very rare cases, removed by the per- 
colation of acidulated water. 

Among the fossils of the Niagara Limestone is a great abundance 
of fragments of various kinds of Polyzoa, especially of the family of 
Fenestellids, but in so broken and mutilated a condition that refer- 
ence to species is impossible. Indeed there is room for believing 
that of the descriptions already published several may, in some cases, 
be founded on the same species. 

During a residence of some years on the Niagara Limestone, at 
Yellow Springs, Green Co., Ohio, I obtained, among other Polyzoa, 
most of which were too imperfect for description, numerous speci- 
mens of a large and striking Fenestellid, quite distinct from every 
thing in the family already described, and yet showing features 
that fill an existing gap, and form a connecting link between two 
or three established genera. Before, however, proceeding with its 
description, it will be well to review in a few words our present 
knowledge of the American Fenestellids. 

These beautiful fossils attracted attention very early in the history 
of paleontology, and were known as “‘ Lace-Corals.” The first to 
bestow on them a name was Miller of Bristol, whose name Fenestella 
was adopted by Lonsdale in 1839. His definition, as well as those 
of Phillips, M‘Coy, and King, was more or less unsatisfactory from 
want of precision or actual error*; and the following definition 
has been given by Mr. G. W. Shrubsole, “ after a careful study of 
the several species ranging from Silurian to Carboniferous times.” 


* For details, see Mr. G. W. Shrubsole’s paper on the Carboniferous Fenes- 
tellide, in Q. J. G.S. vol. xxxvii. p. 179. 
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“ Genus FrenzsteLta, Lonsdale. 


«‘ Polyzoary a calcareous reticulate expansion, either flat, conical, 
or cup-shaped, formed of slender bifurcating branches (interstices), 
poriferous on one face, connected by non-poriferous bars (disse- 
piments) forming an open network. Cells immersed in the inter- 
stices, and arranged in two longitudinal rows divided by a central 
keel, on which are often prominences. Cell-mouth small, circular, 
and prominent when preserved.” 

Accepting this definition of Fenestella, it 1s highly probable that, 
when the day shall come for a thorough revision of the North- 
American Fenestellids, some of the 60 or more species at present 
standing under this name will be excluded or synonymized. 

The closer and closer definition of the genus Fenestella has had 
the natural and necessary effect of excluding species after species, 
which have been placed in new genera or subgenera from time to time 
established. In this way the forms with a strong, stony, central shaft 
and spiral polyzoary have been set aside as Archimedes. Polypora 
includes those forms with more than two rows of true pores. Hall 
has grouped a number of species in which the expanded frond is 
stiffened by stony marginal arms on one or both edges as Lyropora. 
Ptilopora includes all forms possessing a stony midrib and foliate 
fenestrate fronds on each side. Thus those species which possess 
none of these characters remain in and compose the present genus 
Fenestella. 

The following details in regard to the groups which have been 
successively separated from Fenestella will place their relations in a 
clearer light. 


1839. Fenestella, Lonsdale and Miller. As defined by Lonsdale, 
this genus included the forms having three or more rows of 
cells, whether on the rays or the bars, such as Polypora, 
Retepora, &e. (Murch. Geol. of Russia, App. A, p. 629). 

1842. Archimedes, Lesueur and D. D. Owen. No description was 
published with the figure on which this genus is based, and 
which appeared in the ‘ American Journal of Science and Art’ 
for July 1842. Prof. Hall says, in the ‘ Paleontology of 
Iowa,’ p. 651, ‘‘ The Bryozoans designated as above by Lesueur 
do not differ in their essential structure from Fenestella ; their 
mode of growth, however, is quite distinct, the flabelliform 
expansion acquiring a solid central axis, around which it 
revolves in an ascending spiral form, spreading equally in all 
directions.” 

1844. Ptilopora, Scouler and M‘Coy. ‘“Flabelliform or infun- 
dibuliform, attached by roots, from which a strong midrib 
arises, giving origin on each side to thin equidistant interstices, 
connected by regular dissepiments; external face of the 
interstices carinate, and bearing two rows of pores,” (Synopsis 
of Carb. Foss.) . 

1844. Polypora, M‘Coy. ‘“‘Corallum forming a delicate, reticulated, 
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calcareous expansion, usually fan-shaped ; interstices round, 
having on one side from three to five rows of cell-openings, 
the margins usually not projecting ; interstices connected by 
thin, transverse, non-poriferous dissepiments ; reverse rounded, 
striated or granulated.” (Synopsis of Carb. Foss. p. 206.) 
1857. Lyropora, Hall. ‘ Bryozoum consisting of foliate reticalated 
expansions, margined on either side by strong stony supports, 
which diverge from the base, curving outwards and upwards. 
The foliate expansion is spread out between these diverging 
arms, which are themselves formed by the coalescing and 
thickening of the branches.” (Proc. Am. Assoc. Adv. Sci.) 


It is scarcely necessary to add to this list Ichthyorhachts and 
Glauconome, M‘Coy, which are not fenestrate species, having no dis- 
sepiments *, 

There may be difference of opinion concerning the value of these 
groups, but most of them are now regarded by American geologists 
as genera. The discovery of species yet unknown may in the future 
unite one or more of them with others ; but for the present their 
limitations are sufficiently distinct for paleeontological purposes. 

The three fossils which form the subject of this paper show cha- 
racters which place them in strictness outside of all the genera 
above enumerated. Further considerations on this point will 
follow presently. I therefore propose to place them by themselves 
in a new genus of Fenestellids, defined for the purpose as follows :— 


HELICOPORA, n. g. 


Polyzoary expanded, fenestrate, and spiral, formed of slender 
bifurcating rays, poriferous on one face, connected by non-poriferous 
bars, forming an open network; cells arranged in two rows along 
the rays, one row on each side of a median keel. Axis none, or 
consisting only of the thickened inner border of the polyzoary, not 
straight, but forming a spiral rounded non-poriferous or slightly 
poriferous inner margin. 


HELICOPORA LATISPIRALIS, n. sp. Plate IV. figs. 1, la. 


Sp. char. Polyzoary very widely expanded, sometimes as much as 
eight inches in diameter, very flat, curving downwards towards 
the centre as into a funnel. Whorls about half an inch apart, 
dextral or sinistral. Rays about fifty (40-50) in an inch; fenestrules 
about twenty-five (22-28) in an inch in length, and from forty to 
fifty in an inch in breadth, according to the number of rays. Cen- 
tral axis or shaft very thin or entirely absent, and indicated only 
by a very slight thickening of the inner margin of the polyzoary. 
Outer or lower surface poriferous. Rays keeled. 


* It may be worth while to point out here the misuse of the word “ inter- 
stice ” in many descriptious of Polyzoa. This term properly signified a space 
or interval, and not its boundary. It should consequently, if used at all, be 
applied to the fenestrules, and neither to the rays nor the bars (dissepiments). 
It would be as well to avoid the use of the term altogether. 
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The above description was drawn up from an examination of 
several (6 or 8) specimens. 

Horizon and locality. Upper beds of the Niagara (Wenlock) group 
of the Upper Silurian at Cedarville, Greene Co., Ohio. 

Name derived from the spiral form and breadth of the polyzoary. 

The place where these specimens occur is at an outcrop of the 
Upper Silurian rocks on the eastern slope of the Cincinnati arch, a 
flexure in the strata, dating probably from late Cambro-Silurian 
times. The beds of that formation there exposed are considered 
nearly equivalent to the Guelph beds of Sir William Logan in 
Canada. The fossils occur only in one layer in the quarry, and 
often in nests. Very frequently, even in the same bed, none can be 
found, their occurrence being extremely local and uncertain. In 
some of the specimens four complete whorls of the spiral polyzoary 
may be easily counted, separated from one another by about half 
an inch of stone. 


The Corniferous Limestone of the Mississippi basin (Lower 
Devonian) is one of the most fruitful fields for the paleeontologist. 
Not only are fossils abundant on numerous horizons, but they are 
often preserved with a perfection that brings out their minutest 
details of structure. As its name implies, this group abounds in 
flint, the silicified organisms of former times ; and even where purely 
calcareous, as at the Falls of the Ohio, its Corals and Polyzoa cannot 
be surpassed or equalled for beauty, unless it be in the localities to 
be next mentioned. Accordingly the specimen about to be described 
is not subject to the objections mentioned in the last description. 


Hericopora Urricui, n.sp. Plate IV. fig. 2. 


Sp. char. Polyzoary a thin spiral sheet of calcareous material, 
somewhat thickened towards the base, the lowest part of which is 
unknown, rising so as to make one turn of the spiral in an inch. 
The frond makes an angle of about 35° with the imaginary axial 
line in its lower portion. The angle is somewhat greater toward 
the circumference, owing to a slight droop of the expanded sheet of 
the polyzoary in its outer and thinner portion. Expanse of poly- 
zoary unknown, but not probably exceeding an inch or two inches. 
Axial edge considerably thickened and rounded, poriferous, but 
without fenestrules. 

Inner face poriferous. 

Rays straight, ridged on the inner or front face, 50 in an inch, 
not visibly striated, but strie may have been originally present ; 
smooth and rounded on the outer or back surface, not ridged or 
striated. 

Dissepiments or bars, on the front face rather lower than the 
rays, and broader at their junction with them ; on the back of equal 
height, and the rays smooth and rounded like them. 

Fenestrules 36 in an inch in length, but variable in size, not 
extending through the polyzoary near the axial edge, and entirely 
absent for about 51, of an inch from that line; oval in front, at 
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back nearly round, and towards the axial edge represented by 
narrow false fenestrules, some of which measure 5), of an inch in 
length, retaining the usual width. 

Pores circular, usually three, often four, on each side of a aoe 
trule, distant about their own diameter; the highest and lowest 
are ‘often situated in the angle between the ray and the dissepiment. 

Horizon and locality. The Upper Helderberg or Corniferous 
Limestone, at the Falls of the Ohio, near Louisville, Kentucky. It 
was found by Mr. E. O. Ulrich, of Cincinnati, after whom I have 
consequently named the species. 

This species is exceedingly different in appearance from H. lati- 
spvralis, in consequence of its small size, the nearly upright position 
of the spiral expanded polyzoary, and the rapid ascent of the spiral ; 
but it agrees with that species in all its generic characters, absence 
of axis, and spiral growth. 

It is an exceedingly beautiful little species, of which, however, I 
know no other specimen than that here described ; but this is so 
well preserved that little or nothing remains to be desired for com- 
pleting the specific description of all the parts that are present. 

This fossil is interesting, as it shows the continuance of the spiral 
form from the Silurian (Niagara) system, in which H. latispiralis 
occurs, into the Devonian, not apparently as a deformity or sport, but 
as a normal habit of growth. Its minuteness is striking compared 
with the comparatively enormous size of its Silurian predecessor. 
This is plainly shown in the figures, where, though enlarged to 
double its actual size, it looks but a pigmy beside the ee and 
older species. 


The Lower Carboniferous Limestone of the Mississippi basin, from - 
which the species next to be described was obtained, equals or, if 
possible, in some respects surpasses the Corniferous Limestone in 
the quantity and beauty of its organic remains, especially Crinoids 
and Polyzoa. Its fossils, too, are equally well preserved The fine- 
ness of the material has moulded their minutest details of structure, 
and the absence of acidulated water has prevented their destruction 
or incrustation. 


HELICOPORA ARCHIMEDIFORMIS, n. sp. Plate IV. figs. 3, 4. 


Sp. char. Polyzoary a thin calcareous spiral sheet, very much 
thickened at the basal or axial portion, rising so as to form one turn 
of the spiral in an inch, and making with the imaginary axial line an 
angle of about35°. Expansion of the polyzoary unknown, but probably 
not large. Only two small fragments of the thin and expanded 
portion are preserved in the only specimen known to me, from 
which this description is compiled. 

Lower or inner edge of the polyzoary considerably thickened, and 
forming a distinct rounded edge. It does not, however, form an 
axis, but itself runs up spirally round the place where a solid axis 
would be if it were present. It measures one tenth of an inch in 
thickness, and is finely striated longitudinally. 
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Outer surface poriferous. | 

Rays straight, 50 in an inch; outer or front face not visibly 
ridged or keeled, inner face concealed in the matrix. 

Dissepiments on front face rounded, of equal height with the rays, 
but rather narrower, widening toward the junction; inner face 
concealed. 

Fenestrules 40 in an inch, varying somewhat in size. Towards the 
base not extending through the polyzoary, and gradually disappear- 
ing toward the axial edge ; outer face oval, inner face concealed. 

Pores circular, usually three on each side of a fenestrule, rather 
more than their own diameter distant from one another. 

The above description of the rays, dissepiments, and fenestrules 
must be regarded as relating to the lowest portion of the polyzoary, 
which alone is preserved in the specimen described. 

It was found at Litchfield, Kentucky, by Mr. E. O. Ulrich, of 
Cincinnati, in beds of Lower Carboniferous age—the Kaskaskia 
group or Upper Archimedes Limestone. 

This species, H. archymediformis, forms a very interesting term 
in the series here described. Of nearly the same size as H. Ulrichi, 
it yet shows a marked advance towards the forms with a strong 
straight axis which constitute the genus Archimedes of Lesueur. 
In H. latispiralis, of the Upper Silurian (Niagara group), scarcely 
the slightest trace of an axis or even of any thickening of the inner 
border of the polyzoary can be discovered, but the foliate portion is 
enormously expanded. In H. Ulrichi, from the Lower Devonian, 
the inner edge is considerably thickened, but does not constitute any 
thing resembling an axis. In H. archimediformis, from the Lower 
Carboniferous, the inner edge of the spiral polyzoary is so thick that 
it approaches somewhat in appearance to an axis, and were it 
straight might fairly be regarded as such. Centralization, so to speak, 
had made considerable progress since Silurian days. 


The three species here described prove the continuation of the 
spiral type of Polyzoon into the Carboniferous, and not its ori- 
gination there. Two horizons in that system in America have been 
hitherto the exclusive geological home of the spiral Fenestellids. 
The Lower Archimedes Limestone or the Keokuk and Warsaw group 
has yielded | 


Archimedes Owenanus, Hall, 
A. reversus, Hall, 
A. Wortheni, Hall 


(if, indeed, A. reversus be entitled to the rank of a species); and the 
Upper Archimedes Limestone or Kaskaskia group has yielded 
Archimedes laxus, Hall, 
A. Meekanus, Hail, 
A. Swallovanus, Halli. 
These six (five?) species are all that have been hitherto described, 
the genus being at present strictly limited to these two horizons. 
It may appear to some, from the drawing, that the last of the 
three species here described, H. archimediformis, might be almost 
D2 
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as truly referred to the genus Archimedes. Nor would the impres- — 
sion be unwarranted ; but a comparison of the fossil itself with an 
Archimedes brings out the distinctions more clearly than they can be 
shown in a figure. Moreover, since the spiral form of polyzoary 
is found outside of the genus Archimedes, it can no longer be held as 
an essential characteristic of that genus. Archimedes must there- 
fore be characterized by the spiral polyzoary in connexion with the 
axis ; and in all the hitherto known species of that genus this axis is 
strong and straight, forming a true central line. Consequently the 
distinction between Archimedes and Helicopora archimediformis is 
easily seen. 

Were the difference, however, less obvious, the reference to Helz- 
copora would not necessarily be incorrect. As paleontology ad- 
vances, we continually find new forms filling the gaps previously 
existing between others already known ; and such connecting links 
may in many cases be referred with justice to either of the two 
genera which they connect. Such cases are constantly occurring, 
and must be expected to occur yet more frequently in the future *. 
In the present instance it is evident that the spiral mode of growth 
was not uncommon among the older Fenestellids, and cannot there- 
fore be regarded as a mere “sport.” Its range at present is from 
the Upper Silurian to the Lower Carboniferous. The large size of 
H. latispwralis forbids our supposing that it was the first of the kind, 
and it would be extremely rash to assume that the Kaskaskia species 
were the last. We may reasonably anticipate the discovery of other 
forms which will connect by closer links those already known, and 
perhaps establish a series from beds older than the Silurian to beds 
newer than the Carboniferous. 

On the larger question whether or not all these groups should be © 
thrown together again as Fenestella, this is not the place to enter: 
the numerous distinct forms found in the North-American Paleozoic 
rocks would make such a discussion both difficult and unsatisfactory 
in the present state of our knowledge. There are more than sixty 
species already described under the generic or subgeneric names 
quoted above; and to whatever extent these may be hereafter 
reduced, enough would still remain to render the retention of the 
present term very advantageous. 


* In this connexion the following extract from Mr. G. W. Shrubsole’s 
recent paper on the “ British Upper Silurian Fenestellide,” will be valuable as 
confirmatory evidence :— 

“As to the question whether Fenestella intermedia, with its three rows of 
pores, ought also to be included with Polypora, it may fairly be left open for con- 
sideration. . . . It may be, and is, difficult in practice to draw the line as to where 
Fenestella ends and Polypora begins. The genus Polypora was founded by 
Prof. M‘Coy for that division of the Fenestella family having more than two 
rows of cells on the interstice ; the usual number of rows of cells in Potypora 
is from three to ten. These intermediate or compound forms, as Polypora 
incepta or Fenestella intermedia, were then unknown, and the difficulty as to 
classification had not arisen. Jenestella intermedia is clearly one of those 
connecting links between allied genera which, while they serve to unite the 


family as a group, are somewhat difficult to classify.”—Q. J. G. §. vol. xxxvi. 
p.2ol. 
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The discovery of other spiral Fenestellids is rendered more pro- 
bable, indeed almost certain, by the early date of the first species 
here described. This form has been hitherto sharply limited to 
one horizon, that of the Keokuk, Warsaw, and Kaskaskia lime- 
stones in the Lower Carboniferous. The occurrence of H. lati- 
spirals in Silurian rocks gives us the prospect of finding in the 
intervening Devonian beds, which in N. America have not yet been 
well searched, species additional to the single one described above 
from the Corniferous Limestone. 

It may serve to place the relations of the groups of fossils to which 
allusion has been made in a clearer light if they are arranged in a 
tabular form, thus :— 


Pores arranged in two rows. 
Polyzoary not fenestrate: 


Polyzoary irregularly branched.......00....00... Galuconome. 
PONY Z0aNY” PIUNIOSG) jcs~. es csee sess neh es eecen cares Ichthyorhachis. 
Polyzoary fenestrate. 

Polyzoary spiral : 
With a straight central axis............... Archimedes. 
Without a straight central axis............ Helicopora. 

Polyzoary not spiral : 
Polyzoary with strong midrib .......... Ptilopora. 
Polyzoary with strong lateral ribs ....... Lycopora. 
Polyzoary without ribs ......:....ssecseeees Fenestella (proper). 


It will be seen that the only ground of subdivision among the 
fenestrate group is the mode of growth. By referring to the 
definition given at the beginning of the paper the details of this 
structure may be seen. 

Prof. Hall writes (Proc. Amer. Assoc. Ady. Sci. 1856, p. 177):— 
Tn all the essential characteristics the foliate expansions of Archi- 
medes correspond to Fenestella, according to the extended description 
of this genus by Mr. Lonsdale; and in detached fragments cannot 
be distinguished generically from other forms of the same genus.” 
And further, in the ‘ Palzontology of Iowa’ (p. 651):—“ Their 
mode of growth, however, is quite distinct; the flabelliform expan- 
sion acquiring a solid central axis, around which it revolves in an 
ascending spiral form, spreading equally on every side.” 

This is equally true of the two coordinate groups (whether genera 
or subgenera matters little) Péilopora and Lycopora, and in a less 
degree of Fenestella (pr.), inasmuch as it is characterized by negative 
features, if the expression may be allowed. The mode of growth, 
then, in this family is evidently admitted as a principle of sub- 
division, and it would be difficult or impossible to obtain any other. 
No Fenestellid of spiral growth has yet been described without the 
axis of Archimedes, and no Archimedes without this strong, straight 
central shaft, and almost always stony braces between the whorls. 
Consequently Helicopora takes up ground hitherto unoccupied, filling 
a gap and supplying a connecting link between Feneséella and 
Archimedes. 

It is, in conclusion, worthy of remark that the Old World has 
not contributed any spiral Polyzoan to the catalogue, unless it be 
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as an occasional “‘ sport,” or dusus nature. Possibly such forms may 
yet be found in imperfectly known districts ; but it is almost idle to 
expect them from rocks so well searched and so long studied as the 
Mountain Limestone of England. Meanwhile these beautiful fossils 
form an exceedingly interesting example of local development, and 
supply an argument of some weight in favour of the separation of 
the inland basin of North America from that of Europe, either by 
physical barriers or impassable conditions during the period of their 
rise, culmination, and decay. 


Note. September 18, 1882.—Since the above paper was written, 
Prof. James Hall has described in a small pamphlet sixty-three species 
of Fenestella and Polypora from the Upper Helderberg and Hamilton 
groups of the Devonian in the United States. Of these sixty-three 
species, forty are infundibuliform, one cup-shaped, one flabellate, and 
twenty-one indeterminate. Not one of them is spiral. 


EXPLANATION OF PLATE IV. 


Fig. 1. Helicopora latispiralis, lower face, showing four whorls of the spiral, 
nat. size. a. A small portion enlarged 2 diameters. 


2. Ulrichi, enlarged 2 diameters. a@. A small portion enlarged 
8 diameters. 
3. archimediformis, nat. size, 


4. Enlarged view of a poriferous part of fig. 3, magnified 4 diameters. 
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4. On the Kyipence of Guactan Action in SoutH BREcKNOCKSHIRE 
and Kast GLAMORGANSHIRE. By J. W. Enczeworts Davy, Esq. 
Communicated by Prof. J. Prestwicu, F.G.S. (Read Novem- 


ber 15, 1882.) 
1. Introductory. 


Eyipences of glacial action seem to have been very little studied 
hitherto in this part of South Wales. Professor Ramsay, in the 
fifth edition of his ‘ Physical Geology and Geography of Great 
Britain, merely mentions the occurrence of ice-scratched 
erratics all along the low ground of Glamorganshire north of the 
Bristol Channel, between Cardiff and Bridgend, and says that 
Boulder-clay is common here and there all over South Wales. Mr. 
A. Tylor has described glacial markings on the surface-rock 
at Hirwain Common, near Myrthyr Tydfil*. No one, however, so 
far as the author is aware, has as yet attempted to work out the 
problems of these glacial phenomena in a connected manner. And 
yet few parts of Great Britain offer equal facilities for such a study. 
This is chiefly owing to the great development in South Wales of 
rocks so favourable to retaining marks of glaciation as the Mill- 
stone Grit and Pennant Rock, and to the fact that the length of 
their area is more or less transverse to the direction of glaciation. 
The Millstone Grit, cropping out to the north of the South-Welsh 
coalfield, runs east and west, without interruption, except at Caer- 
marthen Bay, from 14 mile 8.W. of Abergavenny, in Monmouth- 
shire, to within 2 miles of St. Bride’s Bay, in Pembrokeshire. This 
band of Millstone Grit, 76 miles long, and from 3 mile to 2 miles in 
breadth, probably shows glacial markings at intervals throughout 
the greater part of its length. In Brecknockshire, even where it 
must have been exposed for ages to subaerial waste, it still presents 
a polished and striated surface. 

The Pennant Rock and sandstones of the Coal-measures often 
exhibit grooves and striz when their surface is protected by a thin 
covering of turf or rubble; striz may also be preserved in places 
on the surface of the Millstone Grit at its southern outcrop, though 
they are here unknown to the author. A careful examination of 
such an extensive glaciated area might serve to connect the glaciers 
of North and South Wales, while some light might be thrown on 
the question of the supposed extension of the Scandinavian ice-sheet 
into the Bristol Channel if glacial striz could be discovered on the 
Millstone Grit or Carboniferous sandstones of the Forest-of-Dean or 
Bristol coalfields. Being unable, owing to an appointment abroad, 
to continue such an investigation, the author communicates to the 
Society the results of his work, though very incomplete, hoping they 
may be of some use to future workers in the same field. 

The area embraced in this paper (see Map, p. 40) extends north 
and south from the Brecknockshire Beacons to a line drawn between 
Cowbridge and the mouth of the river Rhymney, and east and west 


* Quart. Journ. Geol. Soe. vol. xxiv. 
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Fig. 1.—Sketch Map of South Brecknockshire and East Glamorgan- 
shire. (Scale, 4 inch to 1 mile.) 
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from the Rhymney and Taff-féchan valleys to a line drawn from 
Cowbridge to Ystrad-fellte, in the Neath valley. Its extent is about 
200 square miles ; but only a small part of it, viz. the Ely valley be- 
low Llantrisant, has been examined by the author at all thoroughly. 


2. Surface-Phenomenda. 


There are six principal kinds of evidence of glacial action in this 
area :—1. Erratics ; 2. Boulder-clay; 3. Polished, smoothed, shattered 
and contorted rock-surfaces; 4. Grooved and striated rock-surfaces ; 
5, Glaciated contour of country ; 6. Contorted bedding in drift. 


| 
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The whole of this area has a moutonnée aspect: the outlines of 
nearly all the hills are smooth and flowing, while drums, sow-backs, 
and troughs are noticeable features, especially on the south side of 
the Hly valley. Roches moutonnées are of frequent occurrence in 
Brecknockshire, in the Old Red Sandstone, Carboniferous Limestone, 
and Millstone-Grit areas, but are rarely met with in the Coal-basin 
or Ely valley; they are fairly well developed, however, on the Car- 
boniferous sandstone at the top of the Avon Dare valley, near Aber- 
dare, on the Millstone Grit at Cefn Hirgred, near Bridgend, and on 
the Lower Lias limestone at St. Fagans, near Cardiff. Contorted 
bedding in drift is well shown in the cutting on a new line of rail- 
way at Craigau, near Llantrisant. 

The four other kinds of evidence must be described in detail. 
These are:—1. Erratics; 2. Boulder-clay; 3. Shattered and contorted — 
rock-surfaces; 4. Grooved and striated rock-surfaces. The first 
three obtain everywhere in this area, whereas grooved and striated 
rock-surfaces are confined, so far as the author is aware, to the sand- 
stones of the coal-basin, north of Maendu, near Treforest in the 
Taff valley, to the Millstone Grit at its northern outcrop from the 
Coal-measures, and toa small extent of Carboniferous Limestone 
cropping out to the north of this Millstone Grit. 

1. Erratics.—A1 the erratics are of local origin, with the exception 
perhaps of the chalk flints of the Ely valley, and possibly of a small 
block of quartz-porphyry found in an old wall at Duffryn Golwsg, St. 
Nicholas, Cardiff. 

The area of their dispersal extends 29 miles from the Beacons to 
the southern water-parting of the Ely valley, between Cardiff and 
Cowbridge, very few erratics occurring south of this watershed. 
Eastward they have been traced by the author to the Rhymney 
and Taff-féchan valleys, and westward to a line drawn from Cow- 
bridge to Ystrad-fellte, in the Neath valley. Thus the erratic area 
forms a wedge-shaped tract of country, 8 miles broad at its northern, 
and 15 miles at its southern limit. 

The erratics are composed of angular, subangular, and rounded 
blocks of Old Red Sandstone, Carboniferous Limestone, Millstone 
Grit, Carboniferous sandstone, and Cockshot as far south as the Coal- 
measures. South of this line they are found associated with boulders 
derived from the Triassic and Liassic formations, and with sub- 
angular fragments of Chalk flints. 

The greatest height of the Old Red Sandstone erratics above the 
sea-level is from 1400 to 1500 feet; that of the boulders derived from 
the Carboniferous Limestone and Millstone Grit from 1200 to 1300 
feet ; that of the erratics of Cockshot and Carboniferous sandstone 
from 700 to 800 feet. In the Ely valley boulders derived from the 
Trias and Lias seldom occur higher than 300 feet above the sea-level. 
Erratics derived from all these formations are to be found in the 
Ely valley as low as within 50 feet of the sea-level. 

The area of the dispersal of the erratics, north of the southern 
outcrop of the Coal-measures, may be conveniently divided into two 
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districts, the Glamorganshire and the Brecknockshire, according as 
the erratics in each area were dispersed by Brecknockshire or Gla- 
morganshire rocks. As the erratics of the Ely valley east of Peter- 
ston have been derived partly in Glamorganshire and partly in Breck- 
nockshire, the area occupied by them and the few foreign(?) erratics of 
Chalk flints and one of quartz-porphyry may be termed “ mixed.” 

Brecknockshire Erratic district.—The district in which the erratics 
are nearly all derived from Brecknockshire rocks extends from the 
Beacons, twenty-miles-south, to the Eglwysilan mountain, and east 
and west from the Taff-féchan and Rhymney valleys to the Neath 
valley, as far south as Glyn Neath, and the Aberdare valley and 
the left side of the Taff valley as far south as Walnut-tree Bridge. 
These erratics consist of blocks of Old Red Sandstone, Carboniferous 
Limestone, and Millstone Grit. The bottoms and sides of the Taff- 
féchan and Taff-fawr valleys, between the Beacons and the northern 
boundary-line of the Carboniferous Limestone, are strewn with an- 
gular and rounded blocks of Old Red Sandstone: these erratics are 
found to have crossed the area of the Carboniferous Limestone in a 
southerly direction, and still further south, associated now with 
erratics derived from that formation, to have invaded the area of 
the Millstone Grit. 

South of the northern outcrop of the Millstone Grit, erratics of 
that rock at once make their appearance, and from this point to the 
Eglwysilan mountain form by far the largest proportion of the 
Brecknockshire erratics. 

The further advance of the erratics to the south was evidently 
considerably checked by the steep north scarp of the Coal-mea- 
sures. Between Aberdare and Neath valleys the ground rises to 
the south over 1000 feet in some places, in a space of one mile, so 
that scarcely a single Brecknockshire erratic has found its way into 
the Rhondda valleys. South of this escarpment erratics of Breck- 
nockshire Carbonifereus Limestone entirely disappear. rratics, 
however, of Millstone Grit and Old Red Sandstone are still met 
with in the Aberdare, Taff, and Taff-Bargoed valleys, the Millstone- 
Grit boulders being particularly plentiful in the Taff-Bargoed valley. 
A very large group of these erratics has been found by Mr. Edwin 
Corbett on the south side of the Eglwysilan mountain, 12 miles 
south of the northern outcrop of the Millstone Grit. Thousands of 
them lie inside the horseshoe formed by the mountain on its south 
side. They consist of angular and rounded blocks of Millstone Grit 
and Old Red Sandstone, some of the largest being from 6 to 7 feet in 
diameter, and weighing from 7 to 8 tons. The author noticed in 
two places a perfectly angular erratic of Millstone Grit touching a 
rounded block of the same rock, both being imbedded in what 
appeared to be Boulder-clay. At Cwm Sarn, a continuation of 
the Eglwysilan mountain to the S.W., there is a faintly grooved 
surface of Carboniferous sandstone about 200 yards to the south of 
these erratics. The trend of the grooves is 9° W. of N. and E. of S.; 
while the mean lie of the longest axes of seven large blocks here in 
position is 36° W. of N. and E. of S. 
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The Old Red Sandstone erratics have probably travelled from the 
Beacons, 20 miles distant, and bearing 20° W. of N. Some of the 
boulders are composed of the yellowish-grey variety of Old Red 
Sandstone. The Millstone-Grit boulders may have been derived 
from the precipitous western side of Twynau Gwynion, or Cefn-cil- 
sannus, in which case they have travelled in a direction correspond- 
ing with that of the grooves on the adjoining rock-surface. The 
highest point of the Millstone Grit at Twynau Gwynion, north of 
Dowlais, 133 miles distant, is 1844 feet. This is the highest point 
attained by the Millstone Grit in the area embraced in this paper, if 
not the highest in the eastern part of the South-Welsh Coalfield. 
There is an outlier, however, of Millstone Grit capping Pen-cerrig- 
calch, two miles north of Crickhowell, in Brecknockshire, which is 
over 2000 feet above the sea-level. Pen-cerrig-calch bears 18° E. 
of N. from the Eglwysilan mountain, and is 20 miles distant. 
The height above the sea-level of the group of erratics at Eglwy- 
silan is between 950 and 1050 feet. This gives a fall from Twynau 
Gwynion of 60 feet per mile, from Cefn-cil-sannus, 12 miles distant, 
of 23 feet per mile, and from Pen-cerrig-calch of about60 feet per mile. 

The lie of the longest axes of some of the principal erratics points 
in the direction of Cefn Cadlan and Gwern-cefn-y-garreg. The 
latter is 1444 feet high and 17 miles distant, giving a fall of 26 feet 
per mile. It bears 40° W. of N. from the Eglwysilan mountain. 
It seems improbable, from the smallness of the fall between the 
position of these erratics and their parent rocks, that they have been 
carried to their present resting-place on the surface of a glacier. 
From the texture of the Millstone-Grit boulders, the author thinks 
they are not derived from Pen-cerrig-calch. South of the Eglwysilan 
mountain, these Brecknockshire erratics are of rare occurrence. <A 
small group of them is to be found in the “ mixed” district at Caerau 
three miles west of Cardiff. 

The Glamorganshire Erratic. district extends north and south 
from the top of the Rhondda valley, at the northern outcrop of the 
Coal-measures, to Welsh St. Donats, near Cowbridge. On the east 
it touches the western boundary of the Brecknockshire erratic 
district from Aberdare to Walnut-tree Bridge, and may be divided 
from the ‘mixed ” district by a line drawn from this last point to 
St. Nicholas. Westward it probably extends at least as far as the 
Neath valley. The Glamorganshire erratics in the area of the coal- 
basin are composed of Cockshot and Carboniferous sandstone, and 
are to be found chiefly in the Rhondda valleys and the Ely valley 
north of Llantrisant. The Cockshot boulders are generally angular 
and are to be found chiefly at heights of from 800 to 1000 feet above 
the sea-level. They are probably chiefly derived from the mountains 
on the south side of the Rhondda valley, between Pont-y-pridd and 
Pen-y-graig. West of Peterston, in the Ely valley, these erratics of 
Cockshot and Carboniferous sandstone are associated with boulders 
of Millstone Grit, Carboniferous Limestone, Old Red conglomerate, 
Lias, and Trias, which have all probably been derived from the areas 
of their respective formations south of the coal-basin. 
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They give a general indication of a southerly carry. Professor 
Ramsay mentions the occurrence of Chalk flints in this district. 
The author has seen them in Boulder-clay at Pendoylan, 14 mile 
west of Peterston, but has not traced them further west. 

The mixed Erratic district includes the Ely valley east of Peterston 
and the land lying between it and the river Taff south of the coal-basin. 
Besides Glamorganshire erratics, it contains, as already mentioned, a 
few boulders, probably derived from Brecknockshire, and Chalk flints. 

The positions of these erratics, as shown in the map, indicate a 
carry in a southerly direction; but whether from the south-east or 
south-west is uncertain. At Caerau there is a small group of Breck- 
nockshire erratics ; out of seventy of the largest boulders of this group 
examined by the author, 58 were Millstone Grit, 4 Old Red Sand- 
stone, 4 Dolomitic conglomerate, 3 Cockshot, and 1 Carboniferous 
sandstone. Of the Millstone-Grit boulders, 26 were subangular, 21 
angular, and 1] rounded. From the coarseness and toughness of 
the grit, the author thinks these erratics were derived from the 
northern and not from the southern outcrop of the Millstone Grit. 
This group of erratics lies between 80 and 190 feet above the sea- 
level, and, if they were derived from Cefn-cil-sannus, are 22 miles 
distant from their parent rocks. The fall is about 53 feet per mile. 

The largest of these erratics is a subangular cubical block of 
coarse Millstone Grit, measuring 43 feet x 47 feet x 23 feet at least. 

The lie of the longest axes of ten large erratics, in position, does 
not show much persistency; three of these, however, lie with their 
lengths 14° KE. of N. and W. of S., and one of them shows a shallow 
groove (?) on top running in the same direction. 

Chalk flints have never been seen by the author north of the . 
southern outcrop of the Coal-measures. They are tolerably abun- 
dant on the north and south sides of the Ely valley from Cardiff 
to Pendoylan. They have been found up to 400 feet above the sea- 
level on the hills between Cottrell and Coed-riglan, on the south 
side of the Ely valley. Nearly all these flints are subangular, and 
consist of waterworn (?) fragments, seldom more than two inches in 
diameter. They occur in the Boulder-clay of the Ely valley, as well 
as in its alluvial deposits. They are always more or less discoloured, 
with the exception of some which have been euclosed in a compact 
gravel underlying Boulder-clay at St. George’s, 53 miles west of 
Cardiff. The Chalk flints in this gravel retain their original colour 
remarkably well; they are associated in it with a few stones foreign 
to the neighbourhood, as quartz-porphyry, veinstone, and Lydian 
stone. The position of the chalk flints in this gravel is shown in 
the following section (fig. 2). No Chalk fossils have ever been 
found by the author in Glamorganshire, nor have any traces of 
Chalk wash been seen in its Boulder-clay. 
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Fig. 2.—Section of Boulder-clay and Flint-bearing Gravel, Ely 
Valley, St. George's, near Cardiff. (Scale, 1 inch to 6 feet. 
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Fine gravel and sand, with layers of limonite, plant- 
remains, and Chalk flints. 
Well-rounded pebbles of Carboniferous Sandstone, 
t 4 in. in diameter, bedded in ferruginous sand. 


\ 1 
Height above sea-level about 80 feet. 


Gravel composed of pebbles of Carboniferous Sandstone, Carboniferous Lime- 
stone, Old Red Sandstone, Old Red Conglomerate, Millstone Grit, and 
Triassic Sandstone; the largest being 8 inches in diameter and only par- 
tially rounded. About 95 per cent. of the pebbles are Carboniferous 
Sandstone. Besides pebbles of quartz and Lydian stone, one of veinstone 
and another of quartz-porphyry have been found associated with the Chalk 
flints. 


2. Boulder-clay occurs in patches filling depressions over the whole 
area to which this paper refers. In most places it exhibits the 
same characteristics of a stiff, compact clay, varying in colour and 
composition according to the nature of the substratum. The in- 
cluded stones vary in size from mere pebbles to blocks 4 or 5 
feet in diameter. Nearly all the stones in the Boulder-clay are 
smoothed, rounded, and often intensely glaciated, principally in the 
direction of their longer axes. Its thickness ranges from about 100 
feet at Pont Sarn in the Taff-féchan valley, to 30 feet at St. 
Fagans in the Ely valley. Its height above the sea-level varies 
from above 1200 feet at Dowlais Top to 20 feet in the Ely valley, 
at St. Fagans. The Ely valley Boulder-clay is distinguished from 
that of the coal-basin and south Brecknockshire by containing Chalk 
flints. These also underlie the Boulder-clay, as already stated, at 
St. George’s in the Ely valley. 
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In the Old Red Sandstone area, south of the Beacons, the stones in 
the Boulder-clay consist entirely of angular, subangular, rounded, 
and intensely glaciated blocks derived from that formation. Going 
south into the area of the Carboniferous Limestone, stones are dis- 
tributed through the Boulder-clay, at the places about to be men- 
tioned, approximately in the following proportions :— 

In the Neath valley + mile below Ystrad-fellte : 


Old “Red Sandstone sc:: §. .ccéecceecetsn.- ee eee oan eee 90 
Carboniferous @imestoOne~ ..ci.cc<s<c-c eeeeeeee  ee 8 
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Included stones intensely striated, grooved, and polished ; Boulder- 
clay red, 12 feet thick, unstratified ; principal lines of glaciation 
on included stones frequently conform with direction of striz on 
underlying rock-surface; height above sea-level 740 feet. 

In the Taff-féchan valley at Pont Sarn Railway-station :— 


Old Red, Sandstome...<2. i. .«cs<<0c ousas SoU Sea eae See 38 
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Boulder-clay in section 30 feet thick, unstratified, height above 
the sea-level 806 feet. 
In the Taff-féchan valley between Pont Sarn and Pont Sticcill : 
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Boulder-clay in section from 50 to 80 feet thick, composed of 
fractured masses of Carboniferous Limestone, crunched and bruised 
against one another and the Old Red Sandstone blocks, and more 
often roughly grooved and scratched than finely striated or polished, 
bedded in reddish-brown unstratified sandy clay. Height above 
the sea-level 808 feet. 

Still further south, near Dowlais Top, where the Boulder-clay 
rests on Carboniferous sandstone, the percentage of different kinds 
of included stones is nearly as follows :— 
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Boulder-clay in section about 15 feet thick, unstratified; height 
above the sea-level about 1200 feet. 

Three miles further south, at Abernant, near Aberdare, the 
Boulder-clay contains stones derived from different formations, nearly 
in the following proportions :— 
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Boulder-clay 9 feet thick, unstratified; height above the sea- 
level 1130 feet. 
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At Navigation House, in the middle of the coal-basin, 51 miles 
further south, there are only two per cent. of Old Red Sandstone 
and one per cent. of Millstone Grit in the Boulder-clay, the rest of 
the included stones being Carboniferous sandstone; itis unstratified 
here, and 350 feet above the sea-level. Nearly all the stones in the 
Boulder-clay of the Rhondda valleys and the Ely valley, as far 
as Llantrisant, are composed of Carboniferous sandstone or Cock- 
shot, the latter occurring angular more frequently than the former. 
This Boulder-clay is unstratified, so far as the author is aware, ex- 
cepting near its surface, where it often shows signs of having been 
winnowed. 

At Pendoylan and St. Fagans, in the Ely valley, the relative fre- 
quency of occurrence of different stones in the Boulder-clay is about 
as follows :— 
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: 100 
Boulder-clay in section, 15 feet thick unstratified, brown and 
sandy ; a stiff red Boulder-clay underlies it. A few Chalk flints in 
the upper Boulder-clay : height above the sea-level 160 feet. 


St. Fagans. 
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Boulder-clay in section 15 ft. thick, unstratified, brown sandy clay ; 
a few Chalk flints near surface; height above the sea-level 60 feet. 

The stones in the Boulder-clay at Pendoylan and St. Fagans seem 
to have a tendency to lie with their lengths E.N.E. and W.S.W., 
while those in the Boulder-clay at St. George’s, halfway between 
these two places, are arranged generally with their longer axes 
lying N.N.W. and 8.S.E. Included stones in the Ely-valley 
Boulder-clay appear to be more delicately striated than those in 
the Boulder-clay of the coal-basin and Brecknockshire. 

An analysis of the stones included in the Boulder-clay shows 
conclusively that the ice which formed it moved persistently in a 
southerly direction, as far, at any rate, as the southern outcrop 
of the Coal-measures. The strike of the different formations in 
Brecknockshire beyond the northern boundary-line of the Coal- 
measures runs nearly east and west; and no erratics from a southern 
formation have invaded the area of a northern. 
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(Scale, 1 in. to 21 feet.) 


ower Laas, Ty-fry, St. Fagans, Cardiff, showing contortion and shattering of Strata by Ice, 


and intrusion of Boulder-clay. 


Fig. 3.—Section of Quarry in L 
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_ As all the Boulder-clay im 
Brecknockshire examined by the 
author is unstratified, it may be 
provisionally assumed that itis the 
product of land-ice. From the 
occurrence of undisturbed sheets 
of Boulder-clay at the bottoms of 
valleys, as at Ystrad-fellte in the 
Neath valley, Pen-y-graig in the 
Rhondda-fawr valley, and St. Fa- 
gans and St. George’s in the Ely 
valley, it may be inferred that the 
excavation of these valleys took 
place at some time previous to the 
final disappearance of the ice. 

3. Shattered and contorted Rock- 
surfaces and intruded Boulder-clay. 
—The rocks of South Brecknock- 
shire and East Glamorganshire, 


A. An erratic of dolomitic conglomerate, the bottom and sides of which are ice-scratched in the direction of its longest axis. 
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D. A rounded knoll, probably a large roche moutonnée. 


Intruded Boulder-clay is indicated by a light horizontal tint. 


Ps rv which are soft and easily disjointed, 
. Palio ah are more often shattered and con- 
+ 1 oe 9G torted than striated. This is the 


case in the Old Red Sandstone 
area south of the Beacons, and 
with many of the finely laminated 
sandstones of the Coal-measures 
and the Triassic and Liassic rocks 
of the Ely valley. : 
This shattering and contorting 
of rock-surfaces is much more 
common as an evidence of glacia- 
tion in the coal-basin than the 
grooving and striating of the sur- 
face-rock. It is to be met with 
everywhere, on the north, north- 
western, and north-eastern slopes 
of the Carboniferous-sandstone 
hills. In the Ely valley this rock- 
shattering is particularly well 
marked in the rocks belonging to 
the Lower Lias formation. At Ty- 
fry, near St. Fagans, there are seve- 
ral roches moutonnées, which illus- 
trate the contorting and crushing 
power of ice and the intrusion of 
Boulder-clay. At Ty-fry, where 
a quarry has been opened in two 
of these roches moutonnées, the 
rock has been so much crushed as 
to form a fine angular breccia, 
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B, ©. Rounded blocks of Lias scratched all over by ice. . 
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well adapted for gravelling drives and footpaths, for which purpose 
it is actually employed. Boulder-clay has been forced into the 
shattered strata to a depth of 12 feet at least. Ice-scratched stones 
are often to be found mingled with this débris, as shown in the 
accompanying section (fig. 3). 

4. Grooved and striated Rock-surfaces are exhibited, under favour- 
able circumstances, by three kinds of rock in this area—the Carbo- 
niferous Limestone, the Millstone Grit, and the Carboniferous sand- 
stone, especially the Pennant rock. The Millstone Grit retains glacial 
markings on its surface even after long exposure to the weather ; 
the Carboniferous sandstone shows grooves or striae, if its surface 
has not been long exposed, or is sheltered by a thin covering of 
Boulder-clay ; the Carboniferous Limestone quickly loses all trace of 
glaciation on exposure. 

The furthest point east at which the author has seen striz is at 
Craig-y-gaer, 5 miles west of Abergavenny, somewhat beyond the 
prescribed area of which this paper treats. The mamillated sur- 
face of the Millstone grit is here very faintly striated, the trend of 
the striz being about 70° E. of N. and W. of 8. The author was 
unable to determine from which end the strize started ; if from the 
east end, they may have been produced by the Scandinavian ice-sheet ; 
if from the west, they may be due to a local glacier nearly conforming 
to the trend of the Clydach valley. Going westward, the next point 
at which the author has seen striz is at Twyn-cilog, three miles 
north of Rhymney. Here their trend is about 37° H. of 8., the ice 
which caused them haying come from the north-west ; the surface 
of the Millstone Grit here is mamillated; the height of the striz 
above the sea-level is about the same as that of those at Twynau 
Gwynion, 14 mile west, viz. 1840 feet ; surface of Millstone Grit at 
Twynau Gwynion mamillated, trend of strie 36° H. of 8., pomting 
in the direction of the Brecknockshire Beacons. 

This is the highest point above the sea-level at which striz are 
known to the author. They are 7 miles distant from the Beacons, 
2910 feet high, giving a fall of 153 feet per mile. 

Proceeding westward, from Gwern-cefn-y-garreg, the strie gradu- 
ally swing round so as nearly to converge on the top of the Beacons. 
At the E. “sile of Cefn-cil-sannus their trend is 12° E. of S.; the sur- 
face of Millstone Grit is crushed, mamillated, grooved, striated, and 
polished; greatest height above the sea-level of striee, as taken by 
aneroid, 1278 feet; fall from top of the Beacons 233 feet per mile. 
On the west side of Cefn-cil-sannus, the trend of the striz is 8° EH. 
of 8.; atthe east end of Mynydd Penmailard, first 3° E. of S., then, one 
mile further west, N.and 8S. ‘The respective heights of these two 
last points above the sea-level are 1095 feet and 1199 feet, as taken 
by aneroid; fall from the Beacons of highest point 228 feet per 
mile. Between these two points there are several angular slabs of 
Old Red Sandstone, the largest measuring 4 ft.x2 ft. 6 inches 
x 2 ft. 6 inches. There are a great number of angular and rounded 
blocks of Old Red Sandstone on the eastern slope of this mountain. 

A mile and three quarters further west, on the same mountain, 
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the trend of the strie is 30° W. of S.; at Cefn Cadlan they run 38° 
W. of S., and at Gwern-cefn-y-garreg 42° W. of 8. All these striz 
are on mamillated surfaces of Millstone Grit. At Gwern-cefn-y- 
garreg, their greatest height above the sea-level, as taken by aneroid, 
is 1444 feet. 

The surface of the Millstone Grit here has been moulded into 
" elongated domes and hummocks (fig. 4), showing a bare bright surface 
where they are not covered by peat or powdered rock. Wherever 


Fig. 4.— Roches moutonnées, Gwern-cefn-y-garreg ; Millstone Grit. 


its surface has escaped being crushed, it has been well striated, 
grooved, and polished, the striz pointing direct to the two tabular 
tops of the Beacons, distant 6 miles, giving a fall of 244 feet per 
mile. A mile. S.W. of Gwern-cefn-y-garreg, on the right bank of 
the Mellte, 500 yards below Ystrad-fellte church, a recent slip of 
Boulder-clay has exposed a well-glaciated surface of Carboniferous 
Limestone. Where it has not been completely shattered, this rock 
has taken a fine polish, is firmly striated, and slightly grooved. 
This surface forms a steep slope in a bend of the river, which the 
ice must have struck obliquely at an angle of 30°. Allits projections 
have been striated in a determinate direction, while the sheltered 
ledges show strize running in various directions, often at right angles 
to the true lines of glaciation. The. author thinks that all these 
striae were formed contemporaneously. The strike of the Carboni- 
ferous-limestone beds here being nearly horizontal, and the bedding 
even and definite; the stones, which the ice was forcing obliquely 
up the slope would be arrested at the points of junction between 
the beds, and would have a tendency to slip along these lines of 
weakness, and scoop out stepsin the slope, as has actually been the 
case. The direction of the grooves and coarse strie 1s less persistent 
than that of the fine scratches, the former often describing a curve, 
which increases with the steepness of the slope. These strie run 
down to the brink of the river Mellte, and were evidently continued 
below the present level of the valley-bottom. Their height above 
the sea-level here is 740 feet, giving’ a fall from the top of the 
Beacons, 7 miles distant, of 310 feet per mile. 

The furthest point west to which the author has traced these strize 
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on the Millstone Grit, is Pant-llwyd, half a mile 8.W. of the last point. 
Their trend here is about 38° W. of 8. Traces of them are probably 
to be found much further westward, as the strie at this last point 
look very fresh and are firmly cut. The total extent of this 
striated surface of Millstone Grit from Twyn-cilog on the east to 
Pant-llwyd on the west is 113 miles; and the striz at either end 
make with one another an angleof 75°. This extent of convergence 
seems clearly to imply that the ice which produced these strize radi- 
ated from the Beacons. 

Going south, down the Neath valley, towards the steep scarp 
of the Coal-measures, a striated surface of Carboniferous sandstone 
is to be seen at the top of the cutting at the east end of the trend 
on the Neath-valley Railway, between Hirwain and Glyn Neath. 
This striated surface, which has been exposed from under a sheet of 
Boulder-clay from 12 to 15 feet thick, is fairly flat; and the trend of 
the strie is about from 80° to 85° E. of N. and W. of S. The 
author was unable to determine the end from which the strize 
started ; if it be at the east end, as seems most probable, they may 
have been caused by glaciers from the Beacons deflected into the 
Neath valley by the steep northern scarp of the Coal-measures, 
or may be connected with the striz at Craig-y-gaer, and be due to 
the Scandinavian ice-sheet; if they. begin at the western end, they 
may be deflected striz belonging to a great glaciation from the 
north-west, of which there are possible traces at many points in the 
area of the Coal-measures. 

The author has not ascertained the height of these striz above the 
sea-level; but they are probably not much over 700 feet, whereas 
Carn Mosyn, the highest point in the escarpment, 24 miles south of 
this point, is 1971 feet high. 

13 mile east of Carn Mosyn a mamillated surface of Carboniferous 
sandstone is grooved and striated in a direction about 58° E. of S. 
Height above the sea-level, as taken by aneroid, 1530 feet, distance 
from Beacons 12 miles, fall 115 feet per mile. 

12? mile further east some faint scrapes (?) on a shattered surface of 
Cockshot point in about the same direction ; their height above the 
sea-level is 1417 feet, as taken by aneroid; distance from Beacons 
114 miles; fall about 130 feet per mile. 

Neither of these striated surfaces can be connected with the 
glaciers of the Beacons. At Abernant, near Aberdare, 4 miles east- 
wards, the trend of the strie, on a mamillated surface of Carboni- 
ferous sandstone, is 18° E. of 8S. Their height above the sea-level 
is 1130 feet, as taken by aneroid; distance from the Beacons 114 
miles ; fall about 170 feet per mile. At Navigation House, 7 miles 
distant from the last point, and bearing 35° E. of S., the trend of the 
strie, on a mamillated surface of Carboniferous sandstone, is 20° E. 
of 8.; height above the sea-level, as taken by aneroid, 350 feet ; 
fall from the Beacons, 17 miles distant, about 150 feet per mile. 

Bearing 38° H. of N. from last point, 32 miles distant, there are 
striz, on a smoothed surface of Carboniferous sandstone, on Gelligaer 
Common, about 300 yards N.N.W. from the ruins of Capel Gwladis. 

EZ 
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Their trend is 47° E. of 8.; height above the sea-level, as taken by 
aneroid, about 1320 feet; fall from the Beacons, 15 miles distant, 
106 feet per mile. Bearing nearly due south from Gelligaer Common, 
53 miles distant, there is a faintly grooved flat surface of Carboni- 
ferous sandstone, near Cwm Sarn, on the south-east spur of the 
Eglwysilan mountain. Their trend is about 9° E. of 8.; height 
above the sea-level 980 feet ; fall from the Beacons, 293 miles distant, 
about 94 feet per mile. 

Bearing nearly due west from Cwm Sarn, 34 miles distant, there 
are well-marked grooves on a mamillated surface of Carboniferous 
sandstone, near the ‘“ Rocking-stone,” Pont-y-pridd. The impact- 
surface (‘‘Stossseite”) of this hill, as of most of the hills in the coal- 
basin, 1s too much shattered to show striz. The trend of the grooves 
here is about 7°E. of §., or nearly parailel to the grooves at Cwm Sarn ; 
height above the sea-level, as taken by aneroid, 360 feet; fall from 
the Beacons, 194 miles distant, about 131 feet per mile. Passing 
now to the Rhondda valley, west of the Taff valley, faint striz are 
discernible on a faintly ground surface of Carboniferous sandstone, 
near Pen-y-graig, in the Rhondda-fawr valley. Their direction is 
from 30° to 40° E. of §., following the trend of the valley. Their 
height above the present level of the valley-bottom is about 40 feet. 
They bear 68° W. of N. from the striz near the “ Rocking-stone,” 
54 miles distant; distance from the Becaons 18 miles. 

Bearing nearly due east of the Pen-y-graig striz, 44 miles distant, 
between Cefn and Lan farmhouses, a mamillated surface of Car- 
boniferous sandstone has been exposed from under some rubble in 
making a road. This is grooved and striated in a direction about 
33° E. of 8. Its height above the sea-level, as taken by aneroid, is 
555 feet; distance from the Beacons 183 miles ; fall about 127 feet 
per mile. 

Bearing 17° W. of 8. from the “ Rocking-stone” striz, 3 mile 
distant, are some faint strize on a rounded surface of Carboniferous 
sandstone, running 26° E. of 8.; height above the sea-level, as 
taken by aneroid, 482 feet; distance from Beacons a little over 20 
miles; fall about 128 feet per mile. Bearing 8° W. of S. from this 
last point, one mile distant, an extensive striated surface of Carboni- 
ferous sandstone has recently been exposed from under a covering of 
Boulder-clay from 5 to 6 feet thick, at Maendu quarry, near Treforest. 
Trend of striz nearly due N. and 8.; surface flat, height above 
the sea-level 705 feet. 

This is the southernmost point in the whole area at which the 
author has seen a striated rock-surface. The distance from the 
Beacon is 21 miles; fall 105 feet per mile. 


Summary.—It would be premature for the author, in the present 
imperfect state of his knowledge, to attempt to systematize all these 
glacial phenomena; as, however, a few points seem already esta- 
blished, it may be well to state them. 

I. The erratics in the Eglwysilan and Caerau group were pro- 
bably transported by floating ice. This is implied (1) by the 
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smallness of the fall between the levels of the resting-places of these 
erratics and that of their parent rocks, (2) at Cwm Sarn by the 
want of conformity between the lie of the longest axes of the 
erratics and the trend of the grooves on the neighbouring rock- 
surface. ‘This point, however, needs to be more fully worked out 
before it be accepted as true. (3) The contact in this group of 
perfectly angular and rounded boulders can be most easily explained 
on the hypothesis of an ice-foot, transporting a mixed load of water- 
worn or glaciated boulders from shore-lines and angular rock-frag- 
ments from overhanging cliffs. No definite conclusion can as yet 
be arrived at with reference to the rest of the boulders, with the 
exception perhaps of those composed of Old Red Sandstone, in South 
Brecknockshire, the frequency with which these erratics occur 
angular, and the certainty of land-ice having once radiated from 
the Beacons, justifymg the inference that many of them are the 
relics of old moraines. 

II. The Boulder-clay of South Brecknockshire is chiefly the pro- 
duct of land-ice; for (1) it is unstratified ; (2) its included stones 
are intensely glaciated; (3) angular stones greatly predominate over 
rounded ; (4) in one case the largest of the included stones were 
observed to lie with their lengths parallel to the lines of glaciation 
on the underlying rock-surface. 

Til. The striated rock-surfaces of South Brecknockshire have 
been formed by land-ice, descending existing valleys, from the 
Beacons, at least as far south as the edge of the Coal-measures. 
South of this line the striated rock-surfaces present a more complicated 
problem. Those at the Craig-y-gaer and at the top of the Rhondda- 
fawr valley can hardly be attributed to the glaciers of the Beacons ; 
and yet the former were certainly, and the latter probably, caused 
by land-ice. . 

In the coal-basin the striz having a S.E. trend and occurring at 
high levels may be due to the glaciation of an ice-sheet coming 
from the N.W., or the grounding of icebergs; the mamillated sur- 
faces, however, point to land-ice as the agent. The striz which are 
found at lower levels in the Taff and Rhondda valleys may be due 
to (1) this N.W. ice-sheet, (2) the glaciers of the Beacons, (3) 
glaciers having their origin in the coal-basin. 

The difference of direction in which the low-level striz run as 
compared with the high-level, ¢. g. near Pont-y-pridd, may be due 
to the land-ice conforming more and more to the trend of the valleys 
as it became localized, or to their belonging to a glaciation altogether 
more recent. 

The author has received much valuable advice from Professor 
Prestwich. He has also to acknowledge the important help given 
him by Dr. C. T. Vachell, M.D., Mr. W. Adams, F.G.S., and many 
other members of the Cardiff Naturalists’ Society. 
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Discussion. 


The Cuarruan (Dr. J. Gwyn Jeffreys) said that the district was 
well known to him, and that he had examined parts of Glamorgan- 
shire with reference to the present question, and he believed that 
there was evidence there of land-glaciation only, the remains of 
moraines being occasionally discernible—differing in this respect 
from the northern counties of Wales and England, which give unmis- 
takable indications of marine action, and sometimes at a present 
height of over 1300 feet. In the southern counties of England there 
was a similar absence of so-called glacial shells, and no evidence of 
elevation. He invited discussion on this interesting communication. 

Prof. Prestwicn expressed his regret at the absence of the author, 
and his sense of the value of the paper. It formed an excellent sup- 
plement to Mr. Mellard Reade’s important paper, to which the Society 
had already listened. Thesouth of Wales had hitherto received but 
little notice as compared with North Wales. One distinction to be 
noticed in this district was that the erratics were local, while in 
North Wales erratics were present from districts far to the north. 
It was singular that south of the Bristol Channel the indications of 
ice-action should be so obscure and uncertain, when they were so 
clear to the north of it. 
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5. On the Dorsat Rueton of the VERTEBRAL CoLumN of a@ new 
Drvosaur (indicating a new Genus, SPHENOSPONDYLUS), from the 
Weatpen of Brook wm the Iste or Wieut, preserved wm the 
WoopwarvdiaAn Mouszvum of the University of Cambriper. By 
Prof. H. G. Szetzy, F.R.S., F.G.S., &c., Professor of Geography 
in King’s College, London. (Read June 21, 1882.) 


Tuts small series of six vertebral bones is remarkable for the great 
lateral compression of the centrum and the depressed form of the 
neural arch, and, as exhibiting the characters of the dorsal region in 
a new generic type, seems to me worthy of some notice. 


Fig. 1— Dorsal Vertebra of Sphenospondylus, right side of type 
specumen in Woodwardian Museum. (One half nat. size.) 
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6. Facet for head of rib. tp. Transverse process. 


The centrums of the vertebre have an average length of 9 cen- 
tim. each; the transverse width of the articular faces is about 7 cen- 
tim., with a vertical depth of at least 8 centim. ; but the lower part’ 
of the centrum is much compressed from side to side, so as to have a 
wedge form, and terminates inferiorly in a sharp longitudinal ridge. 
The articular margins of the centrums are moderately elevated. The 
transverse processes of the neural arch are at first directed back- 
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ward, but soon become directed transversely outward, and retain 
their upward direction. The facet for the head of the rib is at first 
large, and at the base of the transverse process, and bounded poste- 
riorly by the sharp ridge which runs below the transverse process 
to the hinder margin of the neural arch; but after a time the rib- 
head rises higher, so as to be chiefly above the zygapophysial facet ; 
and then it becomes smaller, the ridge behind it more or less dis- 
appears or rounds away, and the transverse process, which was at 
first triangular in section, becomes vertically compresed and thin. 

The interest of the series is in exhibiting the gradation of cha- 
racters as the bones extend backward, though, as the surfaces are 
invested with a thin argillaceous layer, and the bones have lost the 
neural spines, there is still something to be desired in their con- 
dition. 

In the lst vertebra the anterior face of the centrum is flattened, 
but somewhat concave, except towards the margin, which is convex. 
The basal outline of the face is rounded, the sides are subparallel, 
and the superior corners are rounded, while the neural canal is 
concave. The median vertical measurement is 7°4 centim., the trans- 
verse measurement nearly 7 centim. ‘The measurements of the pos- 
terior surface are slightly less; but the articular face is more con- 
cave, and its convex outer border is narrower. 

The sides of the centrum are concave from front to back, and 
moderately convex from above downward, becoming closely approxi- 
mate towards the base, so as to form a blunt basal ridge or keel, 
which is most developed towards the anterior end: it is concave in 
length. The transverse measurement in the middle of the centrum 
below the neural arch, is 5°3 centim. 

The neural arch encloses a rather small neural canal, winel is 
not higher than wide. The zygapophysial facets are inclined at a 
right angle, are 27 centim. broad, and parted below by an interspace 
about 1 centim. wide. The external surfaces of the anterior zyga- 
pophyses are oblique, extending, with a slight concavity, back to 
the elevated border of the facet for the head of the rib, and extend- 
ing concavely downward to form the pedicle, which joins the cen- 
trum by an imperceptible suture. 

The facet for the head of the rib is large, vertically oval, less than 
4 centim. deep, and 34 centim. wide; itis deeply concave, in advance 
of the middle of the side, 8 millim. below the anterior border of the 
transverse process, which extends behind it, and above its posterior 
half. These facets are not quite vertical, the transverse measure- 
ment over their upper parts being more thau the measurement at 
the base. Below the base of this rib-facet there is a slight con- 
yexity on the line of the neurocentral suture. 

The transverse processes are strong and directed upward and 
outward, almost at the same angle as the zygapophysial facets, but 
they are also directed a little backward. The superior surface is 
flattened, smooth, looks inward and upward, 7 centim. wide at the 
base, with the margins compressed and gently concave in length, 
though the concavity 1s deeper on the posterior side, where it 
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terminates above -the posterior zygapophyses. At the terminal 
facet for the tubercle of the rib the width of the process is 
about 3 centim. Inferiorly the transverse process is compressed 
into a strong ridge, the base of which is rounded; this ridge de- 
scends posteriorly behind the facet, for the head of the rib to form 
the anterior margin of the canal for the intervertebral nerve, while 
at the free end of the process it expands to assist in forming the 
transversely ovate tubercular articular facet. The anterior and 
posterior inferior surfaces of the process are concave channels, 
which deepen as they descend, the posterior enlarging into a con- 
siderable excavation between the vertical buttress and the posterior 
zygapophysis. The transverse width over the transverse processes, 
as preserved, 1s about 17 or 18 centim. 

The base of the neural spine is about 9 centim. long. It is 
broken away, but was compressed, widening posteriorly, where it 
is about 1 centim. thick at the fracture. It there descends, widen- 
ing in an A shape, with the lateral part concave; and the flattened 
posterior surface extends backward, to terminate inferiorly in the 
ovate posterior zygapophysial facets, which are divided behind by a 
slight concavity, which becomes narrower as it extends between 
them inferiorly. The transverse width over the two facets is 
5 centim. 

As is usual in dorsal vertebrae, the superior border of the centrum 
is a little longer than the inferior border, indicating a slight arching 
of the back. 

The 2nd vertebra differs chiefly in having the anterior articular 
face flatter, and in having a more elevated ridge margining the 
anterior border of the articulation for the head of the rib, while the 
ridge below the transverse process is directed less backwards, and 
more obviously curved. 

In the 4th the inferior ridge of the transverse process is nearly 
transverse, and more obviously forms the posterior border for the 
articular facet for the rib. 

In the 5th this ridge is inclined backward, and the posterior border 
of the neural ets is rounded. 

The 6th and last vertebra of the series is a little crushed, so that 
the inferior basal ridge appears to be either obliterated or less deve- 
loped. The base of the neural arch below the transverse process 
has now become a somewhat compressed area, rounding anteriorly 
into the pedicle of the neural arch, slightly concave in the middle, and 
margined posteriorly by the broad flattened rounded ridge descending 
from the transverse process. Behind this ridge is a deep impression 
like a thumb-mark on plastic substance. The tubercle for the rib 
has now ascended so as to be quite on a level with, or rather above 
the transverse process, and immediately in front of it; and it has 
become smaller. It is wider than deep; and the measurements are 
‘between two and three centim. Its superior surface is convex ; 
and the convexity extends inward towards the neural spine. The 
greater part of it rises above the level of the zygapophysial facet, 
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external to which it projects laterally more than a centimetre. The 
facet is still concave, with a central pit. 
(Fox 


Fig. 2.—Sphenospondylus, left side of a Dorsal Vertebra. 
Collection, Brit. Mus. = One half nat. size. 
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The anterior zygapophyses do not reach so far forward as to be 
quite level with the anterior face of the centrum. 

I have long been seeking for specimens with which this series 
might be compared; and although the old collection of the British 
Museum contains but one centrum of this type, Mr. Davies, of the 
British Museum, on seeing these vertebre, at once drew my atten- 
tion to a series of more than a dozen in the Fox Collection, as 


which belong to the same species (fig. 2). I am inclined to think that 
many of them may have been part of the same individual with the 


Fig. 3.—Posterior Aspect of Dorsal Vertebre of Sphenospondylus. 
(Fox Collection, Brit. Mus. =) One half nat. size. 
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Cambridge bones. The length of the centrum is the same, and its 
wedge-like character identical. The surface behind the transverse 
processes, which is not clearly seen in the Cambridge bones, is found 
to form a wedge with lateral excavations, which extend forward 
under the posterior expansions of the transverse processes. 

In several vertebre there are slight pits at the base of the anterior 
margin of the neural spine, and well above the large deep depres- 
sion bordered by the zygapophysial facets, beween which the sharp 
anterior margin of the neural spine is prolonged. The notch be- 
tween the zygapophyses only extends for their anterior third. 

A few vertebre have the neural spine preserved, but it is not 
perfect. In one (fig. 2) itis 164 centim. high, 9 centim. wide at the 
base ; it contracts a little in the middle, chiefly by concavity of the 
posterior border, widening a little above, so as to make both margins 
concave. 

All the British-Museum specimens show the facet for the head of 
the rib, though it varies much in character. At first it is small 
(6, fig. 2, p. 58) vertical, and low in position. Gradually ascending, 
it widens and becomes more circular. And when the transverse 
processes become horizontal, the superior and anterior margins be- 
come greatly elevated. In the hinder part of the series the facet 
becomes small and transversely oval. 

I have seen neither cervical nor caudal vertebrae which present 
this type. The Cambridge specimens were obtained by Mr. Keeping 
in 1866, and brought to the Museum with the coracoid lately 
described ; but he has no recollection of their having been asso- 
ciated with that bone. But in view of the hkelihood of these ver- 
tebree pertaining to the ‘“ Jguanodon Seelyi,” I have refrained for 
the present from giving a specific name to the specimens. 

The characters on which I establish the genus Sphenospondylus 
for these remains are the laterally compressed form of the base of the 
dorsal centrum, the depressed form and character of the neural arch, 
the upward inclination of the transverse processes, and the condition 
of the facet for the head of the rib in rising so as to be placed be- 
tween the transverse process and the anterior zygapophysis. ‘These 
characters clearly differentiate it from [yuanodon, which is the only 
genus with which it can be compared, supposing ‘that we take 
Iguanodon Mantelli as the type (figs. 4 & 5). But the genus has 
since been enlarged to include such types as Iguanodon Prestwiche 
and J. Seelyi, both of which differ from the type in well-marked and 
varied characters. What the significance of those differences is 
may, I fancy, be determined by comparing together existing genera 
of animals, and noticing the nature of the characters by which they 
differ. Judged in this way, I think it possible that both these 
species might be referred to new genera; and from such a point of 
view I conceive of these vertebre as indicating a new genus. But 
if we take the older conception of a genus, which is anatomical and 
not zoological, and more a matter of paleontological convenience 
than a step in evolutionary history, we may rank all these forms 
under the one name Jguanodon. It is a matter on which there is 
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Figs. 4 & 5.—Posterior and left lateral view of Dorsal Vertebra of 
Iguanodon Mantelli. (From the specimen figured by Prof. Owen, 
in the ‘ Wealden Reptiles,’ suppl. il. pl. vil. figs. 4 & 5.) One 
eighth nat. size. 


Fig. 4. Fig. 5. 
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Fig. 4. Posterior view, for comparison with fig. 3. 
Fig. 5. Lateral view, for comparison with figs. 1 & 2. 


likely to be difference of opinion for some time to come. And if I 
lean towards defining genera so as to make them small, it is because I 
believe that characters are in this way better appreciated, and because 
the groups of fossils become better comparable with existing natural- 
history types. I have compared the vertebre here described with 
those of Iguanodon Prestwich and other available named Iguanodons, 
and believe that the character of the neural arch justifies my 
distinction, though the types have some characters in common. 


Discussion. 


The Presrpent said that he had been long familiar with vertebre 
of this type, and had had a strong suspicion that they would prove 
to belong to Iguanodon. 


62 : REV. A. IRVING ON THE 


6. On the Mxcrantes of Guacrurs, with especial Reference to ther 
supposed PowsER of Excavation. By Rey. A. Irvine, B.A., 
B.Sc., F.G.8. (Read December 6, 1882.) 


Opinions as to the kind and extent of work done by glaciers upon 
the rocks over which they move seem still to be very divided in the 
geological world. On the one hand it is still maintained that 
these agents are capable of excavating basin-like hollows, such as 
those which are now (or have been) filled with lakes; on the other 
hand we find such high authorities as Profs. Bonney * and Credner 
rejecting the hypothesis of excavation, while they fully recognize 
(as every Alpine observer must do) the scouring, grooving, striating 
and polishing work done by glaciers upon the floors and sides of 
valleys previously formed by ordinary valley-erosion, as well as their 
indirect action in contributing to the formation of lakes by the dams 
which their moraines form (e.g. at the southern end of Lake Garda) 
in some cases across valleys. Amid this diversity of opinion I may 
be pardoned for attempting to add something to the discussion of 
this interesting subject. 

The whole discussion would seem to narrow itself, theoretically, 
to the answer to be given to the question, Can a glacier dig or ea- 
cavate basin-like hollows? 

Those who answer in the affirmative seem in their arguments to 
assume that the ice of the glacier moves as a rigid mass. If it did 
so, its scooping-out power would be enormous ; but that it does not 
has been shown by Prof. Tyndall, in his little work ‘ Forms of 
Water’ and elsewhere, and demonstrated experimentally by himself 
and Prof. Helmholtz ¢ of Berlin. The writings also of Forbes and 
others on this subject are no doubt familiar to geologists. 

The snow of the upper névé becomes gradually transformed into 
the solid ice of the glacier in two ways :—(1) By pressure from above 
the crystalline particles are partly melted, the liquefied portions 
finding their way between those which still remain solid; (2) the 
heat of the sun melts the surface-particles, the water at 0°C. thus 
formed trickling into the snow. In both cases the water is again 
transformed into ice, its latent heat being taken up by the snow, 
which at these high altitudes is at temperatures below 0°C. Rege- 
lation occurs, as it does behind the shearing-wire in a well-known 
experiment. Liquefaction by pressure of portions of the ice-mass, 
and regelation at points where the pressure is relieved, are not con- 
fined to the névé; it goes on continuously throughout the mass of 
the glacier, though more in some parts than in others, and goes a 
long way to account for the “ plasticity ” of the ice-mass—its power, 
that 1s to say, of adapting itself to the form of the trough or hollow 
in which it hes. 


* See Quart. Journ. Geol. Soc. vol. xxx. p. 479. ; 
tT ‘ Elemente der Geologie,’ p. 245. t Vide Lecture, ‘ His und Gletscher.’ 
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Prof. J. Thomson has deduced from the mechanical theory of heat, 
and Sir W. Thomson has verified by experiment, the law that the 
freezing-point of water is lowered by pressure; and Helmholtz * has 
shown how it follows, as a corollary to this important law, that the 
temperature of ice is lowered when it is subjected to pressure within 
a confined space, the ratio of the liquid water to ice being at the 
same time increased. The thermal energy which is generated by 
pressure becomes latent in the newly liquefied ice, and so is not 
available to affect the temperature of the mass. This liquefaction 
must take place most in the lower layers of the glacier; and owing 
to the great latent heat of water (=nearly 80 thermal units at a 
pressure of one atmosphere) the pressure, though great, melts only 
a small proportion of the ice-mass, which is very large. Helmholtz? 
has pointed out the bearing of this principle upon glacier-work. The 
ice being pressed, and a small portion of it melted, the water is free 
to escape. The temperature of the pressed ice is lowered, but not 
that of the water, which, being free to escape, does not suffer any 
lowering of temperature. ‘‘So we have, under these circumstances, 
ice colder than 0°C. in contact with water at 0°C. The consequence 
of this will be, that water is continually frozen around the pressed ice 
and forms new ice, whilea portion of the pressed ice is melted.” Owing 
partly to imperfect homogeneity of the ice of a glacier, partly to the 
inequalities of its bed, pressure acts more upon some points and in 
some directions than in others. Severalresults may follow. (1) Ifthe 
pressure is applied continuously and rapidly enough, and the tempera- 
ture of the ice is below that required for liquefaction under the given 
pressure, the ice cracks; work is done in overcoming cohesion. (2) 
Some ice is melted, mechanical force is transformed into heat, which 
becomes latent in the melted ice, the water is squeezed out and 
regelates in contact with the colder ice, its latent heat being given 
up to the colder ice in contact with it, raising the temperature of 
this ice, until it and the regelated film have acquired again a uniform 
temperature. (3) Friction follows, if, as in the glacier, the force 
continues to be applied, by the faces of the cracks sliding over one 
another. Heat is generated; portions of the ice surfaces are lique-’ 
‘fied, the water trickling out as before and becoming regelated 
in contact with colder ice, the thermal energy given up by it in 
the act of regelation being diffused by slow conduction, as before. 
(4) As the heat given up by the water in the act of regelation to 
the contiguous ice is transmitted by slow conduction through the 
neighbouring ice, it causes expansion, or a tendency to expand, 
which can only be prevented by increase of resistance. (5) If ex- 
pansion occurs, as in (4), or water trickles out, as in (2) and (38), its 
tendency will be, under the influence of gravitation, rather down- 
wards than in any other direction; and so the centre of gravity of 
the whole mass is lowered, though the mass may not be moving as . 
a rigid body. This I conceive to be the outline of the history of the 
expenditure of that portion of the potential energy of the weight of 


* © Kis und Gletscher.’ t Loe. cit. 
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a glacier-mass which is used up within the glacier. Now for the 
bearing of this upon the question of excavation. 

Exactly so far as the glacier-mass possesses this yielding property 
due to the transformation within it of the mechanical energy due to 
its weight, is ats digging- or excavating-power diminished. Further, 
whatever theory we adopt to account for the yielding property of ice 
(its ‘‘ plasticity ” or ‘ Nachgiebigkeit”), it is plain that the forward 
and downward thrust is not wholly expended in propelling the 
glacier mass as a rigid whole; hence the absence of any traces of 
excavating-action where glaciers have receded in recent years. As 
it is, the forward thrust is to a very large extent resolved into an 
indefinite number of smaller forces, which are expended, either 
directly or indirectly (if first transformed into thermal energy), in 
overcoming cohesion. It follows at once from this, as a simple de- 
duction from the law of the conservation of energy, that the residuum 
of energy available for any swpposcd excavating action of a glacier is 
comparatively small. And this deduction would seem equally sound 
whether (following Tyndall and Helmholtz, as I have done above) 
we adopt the regelation-theory, or the ‘‘ viscous theory” which was 
propounded by Forbes, to explain the ‘flow ” of the glacier. The 
essential point is, that the greater part of the forward thrust of the 
glacier mass is expended in overcoming cohesion and in causing 
movements among the parts of a glacier relatively to one another. 
Such relative movements of the parts of a glacier are, since the 
numerous observations of Tyndall and his fellow glacialists, too 
well known to need further description here; the relative rates (1) 
of the middle and the sides, (2) of the top and bottom, having been 
made matters of exact measurement *. Tyndall and Helmholtz have 
both also given experimental demonstrations of them. 

The above reasoning applies of course to such portions of the 
glacier as form a continuous whole. There is yet another way in 
which some part of the potential energy due to weight is expended ; 
that is, in the formation of crevasses. Ice is not viscous, and there- 
fore does not preserve its continuity under the influence of tensile 
strain. So small is its power to resist tensile force, that the slight 
bending of its mass which is caused (according to Helmholtz) by an: 
increase of gradient in its bed of from 2° to 4° is enough to form 
transverse crevasses in its upper surface. Such crevasses penetrate 
further into the ice in proportion as the increase of gradient is 
greater. Here then is an expenditure of a portion of the weight of 
the ice-mass immediately below each crevasse, which is quite un- 
available for purposes of erosion. Again, in the formation of the 
well-known Bergschrund, the ice below it having torn itself away 
from the névé above it, the weight of the latter is no longer capable 
of cooperating with the weight of the ice below it. Marginal cre- 
vasses result also from the same absence of ductility in ice. The 
movement forwards and downwards of the central parts of a glacier 
being greater than that of the lateral parts, which are retarded by 
friction against the sides of the valley, a strain and tear result ; 

* Vide ‘ Forms of Water,’ by Prof. J. Tyndall. 
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the ice parts asunder in a number of planes, forming an equal num- 
ber of crevasses, which proceed with gradually diminishing width 
from the extreme lateral limits of the glacier towards the centre— 
not, however, in a strictly transverse direction, but in that of the 
tangent to the direction of the strain, tending upwards therefore to- 
wards the source of the glacier. Finally longitudinal crevasses are 
formed when a glacier has to force itself through a narrow gorge. 
As it emerges from the gorge, the central portions move on faster 
than the lateral portions, which are retarded by the sides ; and that 
portion of energy (even here where*the action against the rocky 
sides is at a maximum) which is expended in parting the middle 
portions from, and producing friction of them within the gorge 
against, the lateral portions, cannot be expended at the same time 
upon the work of erosion. Generally, we may say that the origin of 
all these varieties of crevasse is the same property of glacier-ice 
which makes it unable to yield to tensile force; and the consequence 
is, in each case, a breaking-up, more or less, of the glacier-mass, 
and the consequent distribution of its force as a moving body. 

The whole weight of any given mass of the glacier may be re- 
solved into two forces, the one acting parallel, the other at right 
angles, to the inclined plane on which the glacier lies*. The former, 
which will vary with the sine of the angle of inclination, and will 
therefore be nil when the glacier rests on a horizontal bed, is, as 
has been shown, partly used up within the glacier; and the portion 
thus used up, whatever it may be, is not exerted against the rocky 
floor, and therefore can do no work in the way of erosion. The ice 
moves on this floor, if it be inclined at a sufficient angle; but it moves 
with less velocity at its bottom than the centre of gravity moves. 


* The relation which subsists between the angle of inclination of the slope 
on which a given mass of a glacier lies, and the pressure and shoving force due 
to the weight of the given mass, will be made clearer by the following simple 
mathematical reasoning. Suppose a given g glacial mass to lie on a slope, repre- 
sented in the accompanying 
diagram by a line AA’, which 
makes an angle @ with the hori- 
zontal ; and let us suppose the 
whole weight of the given mass 
to be represented by one resul- 
tant force W, acting vertically 
through its centre of gravity. 
upon the point P, as indicated 
by the arrow. By a simple 
“triangle of forces” it is easy 
to see what parts of the weight 
W are represented by the forces 
acting (1) as pressure in the 
direction of the normal Pg 
upon the surface AA’ at P, (2) as a shoving force parallelto AA’. For the first 
we have 


Wiad = W xcos8; 


for the second, 
Wx =Wxsin 0. 
Pr 


Ons, G.SoNo. (53: F 
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So far as we have now proceeded in the argument, this difference 
of velocities would appear to represent the work done within the 
glacier; and we might reason in a similar way as to the difference 
of velocities of the median and marginal portions. 

In the above reasoning I have assumed only the action of a part 
of the shoving force due to gravity in making the glacier slide upon 
its bed. As a matter of fact, other causes may promote sliding by 
diminishing friction, such as (1) the non-contact of the ice with the 
rocks in places where the glacier streams are flowing, (2) the ther- 
mal effect of the heat flowing: from the earth’s crust by conduction 
from below, (3) comparatively warm water rising in places from 
deep-seated springs, (4) the partial liquefaction of the ice by pres- 
sure against the rocks. All these, by diminishing friction, dispense 
with some portion of the shoving force due to gravity; so that the 
proportion of that force used up within the mass of the glacier is 
even much greater than the estimate from the difference of velocities 
alone would give. 

So far as any supposed excavating action is concerned which 
could form rock-basins, the differential movement of the upper 
portion of the glacier, as compared with its base, is the most im- 
portant point. Measurements taken by Prof. Tyndall in the case 
of the Glacier du Géant, at the foot of the Tacul, showed a move- 
ment of the portions near the surface more than double that of the 
base. A fortiord, this differential movement must be greater, owing 
to the greater retardation of the base of the glacier, when on a 
horizontal bed—so much so, that the greater pressure acting at right 
angles to that bed (which varies ceteris paribus with the cosine of 
the angle of inclination of the bed) would seem to avail nothing, 
since the movement of the base of a glacier lying upon a horizontal 
bed would be nl. The only propelling force to which it could be 
subjected would be the shoving force acting against it from the 
weight of the glacier lying upon an inclined slope immediately 
above. Prof. Tyndall* has shown us how this would act. When 
the glacier passes from a steeper to a less steep gradient, the 
crevasses close up, the yielding-property of the ice comes into play, 
the ice at the surface is thrown into a series of transverse terraces 
or huge wrinkles, the differential motion is increased so much that 
stones of the medial moraine, which have fallen into the crevasses, 
are brought again to the surface. From all which it would appear 
that the movement of the base of the glacier upon a horizontal 
bed is nal; and therefore here, where a theory of excavation most 
requires it, its erosive action is almost nzl. This reasoning seems 
further confirmed by observations made on the Morteratsch ‘7. 
Some distance up the glacier the movement, at its maximum, was 
found to be 14 inches per diem; yet at the snout, which lies on a 
nearly horizontal bed, even without any ice in front to offer any 
resistance to its motion, the movement forward was only 2 inches 
ina day. It is no reply to this argument to say that, higher up, the 
erosive power must be greater. The ordinary law of valley-contour, 

* Forms of Water, p. 18U. t Ibid. pp. 96, 97. 
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the steepness of the valley as a rule increasing as we approach its 
head, is well known; and it follows from this that the biting-power 
of the glacier upon the rocks (which diminishes with the steepness 
in proportion to the cosine of the angle of inclination) is less as we 
ascend into the steeper slopes of the glacier-region. Moreover it is 
self-evident that it is not on such steeper parts of the valley that 
the advocates of the excavation-theory would call its action into 
requisition. 

In the work of erosion, such as is imputed to glaciers, it is of 
course well known that the work is mainly done by the stones and 
sand which have found their way, either through crevasses or 
between the glacier and the rocky sides of its channel, to the base. 
These form the teeth of the file. We must recollect however (1) 
that these and the rocks upon which they act are of about equal 
hardness ; only at most, therefore, one half of the finer detritus 
which comes away in the glacier-stream is produced by the grinding 
away by these stones of the rocks themselves, the wearing of the 
stones furnishing an equal amount of it ; (2) that the stones held in 
the ice are only passive instruments, and can only do work upon 
the rocks when they movye—that is, when the resistance to their 
motion against the rock is less than the yielding-power of the ice 
which holds them. Moreover, much of the detritus which comes 
away in the glacier-stream may well be derived directly from the finer 
portions of the moraines which have fallen to the bed of the glacier. 

It has been suggested that the freezing of water within the 
crevices and pores of the rocky bed of the glacier must by its ex- 
pansion break up the rock-surface, and thus furnish detritus for 
the glacier to carry away, as the loosened materials are caught up 
by the ice. This primd facie seems a sound argument in favour of 
excavation ; we must therefore examine it. We must recollect (1) 
that the water contained in this way within the rock is exposed to 
subterranean heat passing up by conduction from below, and that, 
if this is slow, owing to the low conductivity of the rock-materials, 
the cooling effect of the ice of the glacier is, @ fortiorz, equally slow. 
(2) The actual surface of the rock at any given point is in contact 
with either (a) the water of the glacier-stream, which is not below 
0°C., and therefore cannot freeze the water within the rock, or (6) 
in contact with the ice (or a stone stuck in the ice and at the same 
temperature as the ice), in which case the ice may be either at or 
below 0°C., according to the pressure at the point of contact, as 
Helmholtz’s reasoning shows. Ice at 0°C. has no power to freeze 
water at 0°C., since with equality of temperature there can be no 
exchange of heat between the bodies; and if the ice be below 0° C.. 
it can only be so at a pressure proportionately greater. This very 
pressure must be exerted upon the rock, and so counteract the ex- 
pansive force of the water within the rock. The hypothesis is thus 
shown to be wholly inadmissible. Further, the actual appearance 
of glaciated rocks shows that they have not been thus broken up by 
freezing water while the glacier covered them. 

It is conceivable that some of the surface-portions of the glacier 
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which are melted by the sun’s heat or by a warm current of air 
may, in penetrating the glacier, come into contact with ice which is 
locally colder than 0° C., and in this way undergo refrigeration. If 
this took place anywhere around a surface of contact of the ice and 
the rocky bed, the surface of contact being increased (as Helmholtz 
has shown in the valuable notes which he has appended to his 
lecture, ‘Kis und Gletscher’), the pressure on the previous plane or 
point of contact would be distributed over a larger space, with the 
thermal effect which can easily be deduced from the foregoing 
principles. In this way as the glacier-mass is diminished at the 
surface, a partially compensating formation of ice may go on at the 
base. So far as it acted, there would be a transfer of materials to 
some extent away from the bed. A little further reflection will 
show us, however, that this could only happen where the water was 
unconfined, and consequently only where the glacier was moving 
down a slope. In such a case the result would seem to be rather 
adverse to erosion. When however the glacier lies on a level or 
hollow surface, such a process must soon bring itself to anend; for, 
the glacier being motionless at the base, all spaces would soon be 
filled with ice and cold water kept there by gravitation, and the 
whole pressure would bear directly upon the rock, tending, not to 
break it up, but to compress it. 

A word or two is needed on the influence of terrestrial heat. 
The facts connected with the flow of heat by slow conduction from 
the interior to the exterior of the earth’s mass can be learnt from 
any good text-book of physics. The point with which we are here 
concerned is this :—Since the rock in contact with the ice remains 
at the same temperature as the ice, it can only doso by parting with 
its heat to the glacier as it receives it from below. This heat must 
do work. What is that work? Clearly the heat must be expended 
in overcoming the cohesion of ice-particles in contact with the rock. 
And this it would do whether the ice were at or below 0° C., since 
in the latter case the heat received from the crust of the earth 
cooperates with the pressure which is the necessary condition of a 
temperature below 0°C. The bearing of. this fact as tending to 
diminish friction, and therefore erosion, has been pointed out above*. 

In connexion with glaciers there is, in addition to the polishing, 
striating, and grooving work, observable everywhere on glaciated 
rocks, a still more extensive work of erosion going on, by the action 
of the glacier-streams which flow beneath them. Such streams, 
while they intervene in places between the ice-mass and the trough 
in which the glacier moves, are capable of doing much more work 
than the ice itself, by virtue of the greater velocity with which they 
carry stones and sand along. Since, however, this action depends 
entirely upon the movement of the water, it is clear that a descent 
is necessary for this movement; and as water does not flow up-hill, 


* The conduction downwards of absorbed solar heat from the sides of the 
valley to below the surface of the glacier produces in the summer a want of 
contact, for some feet down, between the ice and rock—a fact familiar to every 
observer of glaciers, 
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each glacier-stream must maintain an open channel for itself; for 
this reason the same objection applies to it as to a river flowing in 
an open valley, as an agent of excavation of basin-like hollows. 
Here and there, where we see the convergent surface-streams of 
the glacier rushing down the shaft of a moulin, and carrying from 
time to time earth and stones from the surface-moraines, a certain 
slight work of excavation is no doubt accomplished, such as we see 
now exposed to the light of day in the well-known “glacier-garden” 
at Lucerne; but this would hardly meet the requirements needed 
for the excavation of lake-basins. ‘The main glacier-stream, just 
like any other stream, acts of course as an erosive agent and 
deepens the trough in which the glacier moves, an excellent ex- 
ample of which I observed only last summer at the end of the 
Hochjoch Glacier, at the head of the Rofen Thal, where the ice 
forms an arch resting upon the sides of the gorge as its buttresses. 

Again it is undeniable that an advancing glacier may do a certain 
amount of “ploughing” work, such as Prof. Tyndall has described 
im connexion with the Gorner Glacier *. This, however, is only 
evidence of the inability of the glacier-ice to move over the super- 
ficial obstacles which it encounters in its path; it would seem to 
tell rather against the notion of the ice being driven up-hill out of a 
basin, as is assumed by some writers ; and it would be interesting to 
inquire whether such phenomena have ever been observed where a 
glacier was not descending a slope. All that has been put forward 
with reference to the distribution of the potential energy due to 
gravitation in the procession of the glacier down a valley must tell 
equally against the propulsion of it up-hill. 

On the other hand, we may, I think, draw a distinction between 
the “‘ice plough” and what I may be allowed to call the “ ice chisel.” 

In cases where successive portions of a glacier descend a vertical, 
or nearly vertical, precipice, a different set of mechanical conditions 
is presented to us. Impact may in this case perhaps do the work 
of excavation to such an extent as is represented in the excavation 
of many small reck-basins, such as some of those which lie upon 
the Bernina Pass, or at the foot of the precipices of Snowdon. But 
when all this is admitted we have no right to reason from “ the 
hundreds of tarns that are found in all glaciated mountain-countries ” 
to the formation of lake-basins which form long depressions in 
narrow valleys. Many tarns, however, do not occupy rock-basins 
at all; some are formed by moraine-heaps left by the retreated 
glaciers, between which and the mountain-side they may be 
frequently observed to lie in the Alps; other tarns simply fill 
depressions formed by earth-movements on the mountain-slope, 
where the clayey materials produced by the disintegration of horn- 
blendic, augitic, and felspathic débris get loosened by water and move 
unequally downwards, as clay often does on a smaller scale in a 
railway-cutting. Numerous instances of such could be pointed to 
in the Alps and in other mountain regions. 

It is not without regret personally that I find myself driven to 


* Forms of Water. 
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conclusions adverse to the theory of excavation which has been 
advocated for some twenty years by Sir A. Ramsay, to wines 
geological writings we are all so greatly deus oer 


General Conclusions. 


It will be seen from what has been advanced that I do not 
question’ the power of glaciers to do a good deal of surface-erosion 
in grinding, polishing, grooving, and striating the rocks; no one 
who has seen any thing of glaciers or of glaciation could do this for a 
moment. My contention, from the consideration of mechanical and 
physical principles, is that far too much work has been ascribed to 
them by some writers in the way of erosion, and that the notion of 
actual excavation of lake-basins is inadmissible, except under very 
special circumstances such as those under which some tarns may 
have been formed. 

The causes of the differential movement of glaciers would appear 
to be three :— 

(1) Cracking and partial melting in places under pressure and 
strain, followed by regelation, as propounded by Tyndall and 
accepted (after independent experimental investigation of the 
phenomena) by Helmholtz. This is probably the principal regular 
cause. 

(2) Friction generating thermal energy, and so producing lique- 
faction, which is followed by regelation. 

These two causes, it will be seen, are in constant operation, and @ 
fortiora must have operated still more powerfully when the glaciers 
_ were of much greater dimensions. 

(3) There remains to be accounted for a secondary differential 
motion, which has, it appears, not yet received a satisfactory expla- 
nation, though some recent writers have attempted it *: the move- 
ment is greater (a) by day than by night, (6) in summer than in 
winter. ‘This was very nearly explained some years ago by Canon 
Moseley, when he maintained that somehow or other ‘radiant 
heat’ must enter the ice. Had he known those principles of 
physics which are illustrated by the action of Crookes’s radiometer, 
there is little doubt that he would have seen his way to the 
right explanation. The theory which I venture here to advance 
is based upon a series of experiments with ice subjected to 
different sources of radiant energy, in which I have been engaged, 
an account of which I hope to publish elsewherey. For the present 
purpose we must consider heat to mean energy capable of melting 
ice or tending to melt it. Whatever notion we may attach to the 
term ‘‘radiant heat,” it is clear to me from my experiments that 
heat, qua heat, cannot enter the ice and be afterwards expended in 
the work of liquefaction—that is to say, in overcoming cohesion and 
so promoting differential movements of parts of the glacier. All 
such heat must become latent in the liquefaction of ice at the sur- 
face. It is in the transformation of energy that the clue is to be 

* See Croll, ‘Climate and Time,’ chap. xxxi. + See Nature, No, 698. 
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found. To say that ice is transparent is to say that luminous 
radiant energy can freely traverse it. It does not do so however 
equally at all times. Obviously, more luminous energy enters the 
glacier from the sun by day than by night—more during the more 
numerous hours of daylight, the higher ascension of the sun, and 
the greater freedom from the diffusive action of the snow at the sur- 
face in summer than in winter. A certain amount of the luminous 
portion of a beam of solar radiation is absorbed by even clean ice, 
more especially by granular ice, otherwise the beautiful silvery blue 
colour which is perceived in the ice overhead when one enters an 
ice-cavern would be wanting. But it is chiefly by opaque and semi- 
opaque bodies within the glacier (stones, earth, organic germs, &c.) 
that the luminous solar radiation which enters the ice is absorbed ; 
and the radiation thus absorbed is, in accordance with the law of 
conservation of energy, converted into heat, just in the same way 
asit is in an ordinary greenhouse. Heat thus developed within the 
mass of the glacier, during the hours of daylight, and most so 
during the summer, must promote the differential movement of the 
glacier. Of course, if the glacier is clean enough and thin enough, 
some of the luminous energy may penetrate to the rocks beneath ; 
but the transformation of energy would in that case be the same, 
the heat developed promoting the descent of the glacier as a whole, 
instead of its differential motion. 


Discussion. 


Mr. Cattarp stated that in 1878 he had had the opportunity of 
studying the base of the Rhone glacier, which glacier has been 
slowly receding for a length of time. Beneath the glacier, as seen in 
the terminal ice-cave, the ground was not ploughed but only some- 
what smoothed. 

Prof. SzELEy pointed out that before we could accept the author’s 
views it would be necessary for him to explain the origin of the 
quantity of detritus carried out: from the end of the glacier and the 
smoothed surfaces on the bottom and sides of the glacier-bed. He 
thought that the effect of the continual melting and freezing of 
water at the bottom of the glacier on the rock masses below had 
been overlooked by the author, and that these effects must be very 
striking. The late Mr. Clifton Ward had shown that some lake- 
basins occur at the point where tributary glaciers join the principal 
ones. 

Mr. Branrorp referred to the @ priort argument, based on the 
fact that rock-bound lake-basins abound in districts which have been 
glaciated, and are rare in other regions. He pointed out that the 
author seemed to have lost sight of the fact that the erosion was 
performed not by ice but by stones &c. held in the ice. 

Lieut.-Col. H. H. Gopwry-Avsren said that the great glaciers of 
the Himalayas, which are so much larger than those of the Alps, 
are advancing, breaking away the ground along their sides, and 
pushing forward their older moraines. It must also be remem- 
bered that glaciers of the great thickness of the older glaciers in 
Switzerland must have produced very different effects on rocks of 
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different degrees of hardness, and that thus rock-basins might have 
been produced. 

Mr. Watrer Browne agreed with previous speakers that the 
fact that the rivers flowing from the ends of glaciers contain so 
much mud is proof positive that they erode their beds. He had 
seen the Gorner glacier pushing the turf of fields before it like a 
plough. He called attention to considerations laid before the Royal 
Society in his recent paper, especially that the Greenland glaciers 
move, in the depth of winter, at temperatures far below 0° C.; and 
he thought this fatal to the movement of glaciers being due to rege- 
lation. According to the author’s theory, glaciers would cease to 
move when they reach a horizontal surface. 

Dr. Hicxs thought that the author had proved his case, which 
was, that ice, by itself, cannot erode rock-surfaces. 

Dr. Woopwarp referred to the observations of Dr. Hector, in 
New Zealand, and said that no glaciers are absolutely clean, but all 
contain rock fragments, consequently all glaciers are capable of 
erosive action. 

Mr. Baverman objected to the author’s comparison of ice and glass. 
Ice is perfectly crystalline, as shown when examined by polarized 
light, the principal axis of the crystals being perpendicular to the 
planes of cooling. Apart from this point, he was inclined to agree 
with the conclusions of the author. He did not think there were 
any experiments which could be quoted in support of the view that 
glaciers can erode rock-basins. He thought that what is usually 
called glacier-erosion would be found to be due to the erosion of 
water in confined channels beneath the glacier. 

The Rev. E. Hitt said that the argument that the thrust was 
mainly expended in overcoming cohesion rather told against the 
author’s views than supported them, as the friction of the sides of the 
glacier is necessary to produce a resistance to the thrust. 

The Rev. E. 8. Dnwick agreed with Mr. Bauerman’s views on the 
subject. 

The AvtHor said that, in the remarks objected to by Mr. Hill, he 
had been merely arguing against the view that the glacier moves as 
a solid mass. He fully recognized the “ filing” action of the stones 
held in the ice; but since these stones and the rocks they grind 
against are of equal hardness, only at most one half of the pulverized 
material brought away by the glacier-stream comes from the rocks 
over which the glacier moves. He agreed with Mr. Bauerman as to 
the work done by streams beneath the glacier, and had given an 
illustration of it in the paper. He argued, not against the erosive 
power of glaciers, but against their power of cutting rock-basins such 
as those occupied by lakes. He had already met many of the objec- 
tions raised to his views in a paper to be read in a fortnight’s time. 
He had pointed out one cause of the motion of glaciers which is 
quite independent of climatal conditions, namely the conduction of 
heat to the glacier from below. The surface-conditions in a region 
of excessive radiation like Siberia, which Mr. Browne had referred 
to, were not comparable with the conditions found beneath the 
glaciers in Greenland. 
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7. On the Oricin of VaLLEY-LAKEs, with especial reference to the 
Laxzs of the Norraern Aups. By the Rev. A. Irvine, B.A., 
B.Se., F.G.S. (Read, December 20, 1882.) 


THis paper is intended as nothing more than a supplement to a 
paper by the author on the Mechanics of Glaciers. The main 
strength of the position taken’ up by the advocates of the glacier- 
excavation theory is derived from arguments which labour to show 
that it is the only feasible hypethesis*. I have endeavoured to 
show in my previous paper that this hypothesis is inadmissible on 
mechanical and physical grounds; all I attempt to do here is to 
show that we are not shut up to the hypothesis; for many agencies 
can be pointed to which may have cooperated to form lake-basins, 
some of which have hardly been considered with sufficient care, 
while others would appear to have been ignored. In dealing more 
especially with the lakes of the Northern Alps, I have simply 
selected a region which abounds in lakes occupying expansions of 
river-valleys which I know pretty intimately from direct obser- 
vation, including a district already treated more in detail by Prof. 
Bonney. Nor do I pretend either that all which is here advanced 
is new to geology, or that I am able to give an exhaustive account 
of all the agencies which have helped to form lake-basins past and 
present. Many lakes also, for example such as those which occupy 
the craters of extinct voleanoes in the Hifel and elsewhere, are 
excluded from consideration here by the title of the paper. 

I shall first draw attention to what appear to me defects in the 
arguments of the excavationists, as propounded by Sir A. Ramsay 
himself, by which they would shut us up to the “ excavation 
hypothesis.” 

1. With reference to these Alpine lakes, the position of some of 
them is very difficult to. account for if they were excavated by the 
great glaciers which, during the Glacial Epoch, moved mainly from 
the central chain of the Alps towards the low-lying country. 

The position, for example, of such lakes as Neuchatel, the Bodensee, 
the Wallensee, the main portion of the Vierwaldstattersee, and the 
lakes lying in the Traun valley above Aussee would be very difficult to 
explain in this way, especially if we take into account also the con- 
tours of their basins. Seeing the thing in three dimensions, as in 
nature, gives a truer idea than the representation of it in two dimen- 
sions only, as on a map. 

2. The argument against lakes lying in valleys formed by 
synclinal folds of the strata, so far as it goes, seems to overlook 
altogether the frequent occurrence of valleys lying along the axes of 


* Vide Prof. Ramsay’s paper, Quart. Journ. Geol. Soc. 1862. The arguments 
put forward in this paper have been recently summarized by Sir A. Ramsay in 
his ‘ Physical Geology and Geography of Great Britain,’ 1878. 

t Quart. Journ. Geol. Soc. vol. xxix. p. 382. 
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anticlinal flexures. Such valleys occur very frequently in the Alps 
and elsewhere. Von Hauer* has given us an idealized section 
across the North-eastern Alps, representing the repeated occurrence 
of this phenomenon among the Secondary (chiefly Triassic) strata ; 
and I could furnish instance after instance from my own note-book 
in verification of his generalization. A capital instance of a line of 
valley thus placed with reference to a great line of anticlinal fracture, 
though quite subordinated to the main anticlinal of the whole Alpine 
chain, has been described by me elsewhere t. All such valleys have 
of course been widened and deepened by the erosive action of run- 
ning water; but it is difficult to conceive of their initiation in any 
other way than by open fissures, since otherwise the flow of water 
must have taken place along*an elevated ridge, which is absurd. 
Fracture, therefore, has played a part in the production of some 
valleys; and if so, it may have had something to do with the for- 
mation of any lake-basins which occur in such valleys. 

3. The argument drawn from the fact (which every one will be 
ready to admit) that lines of dislocation produced in highly meta- 
morphosed strata must have appeared as closed lines when such 
strata were first laid bare by denudation, does not apply universally. 
It fails utterly when applied to the region with which we are espe- 
cially dealing; these valley-lakes do not occur among such strata, 
but among well-stratified rocks of Secondary and Tertiary age. 
Nor is it fair to reason from the close faults which occur among the 
comparatively undisturbed strata of Secondary age in England, 
where lakes do not occur, as to what can or cannot occur among the 
highly disturbed and contorted strata of the Alps, where valley- 
lakes abound. ‘The force of this argument will be fully appreciated 
only by those who know pretty intimately those portions of the 
Alps to which I now refer; seeing with one’s own eyes carries more 
conviction on this and many other points in geology than mere book- 
knowledge can do. In some cases disturbance and dislocation of © 
strata have gone to such an extent as to invert the original order in 
which the strata were deposited. A conspicuous instance of this 
sort of thing occurs in North Tyrol, which was described some years 
ago by Richthofen, and has since been more fully described by 
Gumbelt. Between Weissenbach and Vils the strata have been 
thrown into a sharp anticlinal, accompanied by inversion, so that 
strata of Jurassic age are found now underneath strata of the age 
of the lowest Trias. In the immediate proximity was once formed 
an extensive lake, studded with numerous islets, perhaps once the 
most beautiful lake ever produced among the Alps, though now 
filled up by the alluvial detritus of the river Lech and its affluents. 
On this stands the thriving modern town of Reutte. Again, in- 
version of a similar nature has taken place about the Rigi, in close 
proximity to the Lake of Lucerne, as Sir. A. Ramsay pointed out 
long ago§. May not both these lakes be connected with fractures 

* Die Geologie, fig. 251. +t Vide Geol. Mag. Nov. 1882. 

t{ Vide Von Hauer’s ‘ Die Geologie, pp. 366, 377, and fig. 254. 

§ Quart. Journ. Geol. Soc. 1862. 
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and hollows formed: by those movements which produced the in- 
versions here alluded to? 

4. The theory of subsidence has had but scant justice done to it. 
Alpine geology opens one’s eyes to the importance of this in a 
way that English geology does not; it is not enough therefore to 
dismiss this subject on the negative grounds that in England we 
have nothing more than mere pools formed in this way, where the 
solution and removal of the salt-beds beneath has led to subsidence. 
Nor do I see any force in the argument against the theory from the 
mere number of instances. No one would maintain that all the 
lakes even of the Northern Alps are due to subsidences ; the point 
is that here we do find conditions favourable to subsidence eatending 
over hundreds of miles in a district abounding in lakes. The 
materials of which the mountains are composed are for the most 
part calcareous and dolomitic in character, the strata being often 
almost pure limestone or dolomite. There is no necessity for 
explaining here how underground erosion is carried on by water in 
such strata; the fact is well known, asin the case the famous 
caverns of Castleton and Adelsberg, to mention on «wo most con- 
spicuous instances. Again, in this very region beds of rock-salt 
and gypsum abound, some of them of great dimensions. The lateral 
outflow from the Konigsee through a hole in the mountain, the 
water passing for miles underground and issuing again as a river 
in the direction of Hallein, serves very well to illustrate the way in 
which the waters which have done the work of underground erosion 
can find their way from these upland valleys, in which most of the 
lakes we are considering occur, down to lower levels. In some in- 
stances the actual amount of material carried from the interior of 
the mountains has been found to be astonishingly large. I shall 
mention here two examples given by Credner * :—(a) At Neusalz- 
werk, in Westphalia, it has been found that the brine-springs of 
that district bring to the surface 376 cubic metres of carbonate of 
lime annually ; (6) In the Visp-Thal, in Canton Wallis, a series of 
‘ Erdfalle’ accompanied by small earthquakes continued for a whole 
month in the year 1855, due to the undermining of the valley by 
the removal -of gypsum in solution. The district contains some 20 
gypsiferous springs, one of which alone brings to the surface over 
200 cubic metres of gypsum per annum. Such facts enable us to 
realize more vividly than any thing which English geology presents 
to us the importance of underground erosion as a geological factor. 

It is the mere enunciation of an axiom to point out that in all 
such cases the materials cannot at the same time be removed from 
the interior of the mountains and remain inside them. ‘Time is the 
most important factor in such cases. The prevalence of salt and of 
brine-springs in those northern Alpine regions where the lakes are 
most numerous is recorded in the frequent occurrence of local names 
indicative of their presence (e. g. Salzburg, Hallein, Hallstadt); and 
an exploration of any of the salt-mines of the district opens one’s 
eyes to the great extent to which underground excavation has been 

* Elemente der Geologie, pp. 207, 210. ? 
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carried by mere solution within a few centuries only. It is some- 
what incomprehensible to me that the significance of the fact that 
so many of the valley-lakes of the northern Alps lie among strata 
where conditions specially favourable to subsidence are found, has 
been so much overlooked by writers in this country. The subject 
will be found more fully treated in the excellent text-book of 
Credner, who (p. 211) mentions the Konigsee as a special instance 
of a lake most likely formed by subsidence. The evidence is indirect 
but strong. 

Here we are led to the recognition of another agent which, so 
far as I know, has not been before specified as promoting subsi- 
dence. It has been pointed out by Credner that the conversion of 
anhydrite into gypsum by taking up water of crystallization, breaks 
up a valley-floor under which the more massive beds may have been 
removed by solution, and thus promotes subsidence. But I am not 
aware that it hasever been before pointed out that, where underground 
erosion from either of the causes mentioned had taken place in pre- 
glacial times beneath the floor of a valley (the natural operations 
which go on now having gone on then), the dead weight of the enor- 
mous glaciers * which filled valleys thus undermined may have crushed 
in their floors. For such reasons I think that the suggestion of 
Playfair that the bed of the Lake of Geneva had sunk owing to 
underground erosion, deserves more attention than it has received. 

The connexion between the frequent occurrence of lakes and 
limestone regions becomes more important when we consider the 
relative numbers of lakes in such regions and among the crystalline 
rocks. Something like 100 lakes may be counted (large and small) 
among the stratified deposits of the Alps, while I do not think a | 
dozen (if we exclude mere tarns) could be pointed out as lying 
among the crystalline rocks. And if we extend this examination 
to other parts of the earth’s surface, we find a similar rule holds 
good in Ireland (where tho lakes occur for the most part in the Car- 
boniferous Limestone), in the Apennines, in the region of the Middle 
Danube, in the Balkan peninsula, and in Asia Minor. 

Again, it is possible, reasoning from what we know of solution 
of the chalk strata at the surface in England by rain-water holding 
CO, in solution, to see how, in some cases, lakes once formed among 
limestone mountains may have been deepened by a process of che- 
mical solution. The long exposure of the snow which, on melting, 
feeds many of these lakes, and the mechanical division of the water 
during its descent into them from the mountains, are both circum- 
stances favourable to the saturation of the water which enters the 
lakes with the gases of the atmosphere. So far as this cause 
operates, it tends to deepen a lake, though it could only do so effec- 
tually in a case where the quantity of detritus carried into the lake 
was exceptionally small. 

Other Lake-forming Agencies.—(1.) Itis clear that any cause which 
leads to a change in the contour of a valley of erosion by distur- 


* Such as that of the Etsch-Thal, which filled the valley up to about 1500 
metres (Credner, zbid. p, 663). 
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bance of the strata of the region may produce such alterations in the 
relative levels of different parts of the valley as to bring the floor of 
the valley at some points to a higher level than the floor of the 
valley nearer to its head. It is no drawing upon the imagination 
to say that such movements have occurred on a large scale in the 
Alps since the older lines of valley were eroded by water-action. 
To mention one fact only, the changes of level of the European con- 
tinent which brought the shores of the continent so far south as to 
allow the southerly drifting icebergs from Scandinavia to deposit 
their erratic blocks as far inland as Bonn, Westphalia, Thuringia, 
Saxony, and Moscow* could hardly have happened during Quater- 
nary times, and been reversed, without some considerable squeezing 
and consequent disturbances of the strata of the Alps, such as we 
observe today on such a gigantic scale. 

I take it, then, that many of the lines of flexure which have been 
before referred to as abounding in the stratified Alpine deposits are 
of comparatively recent date. The effect of such lines of flexure 
occurring transversely to the older lines of valley-erosion would be 
to form hollows, which must get filled with water from the surface- 
drainage of the valley. This has been already pointed out by Prof. 
Bonney+; and I may perhaps illustrate the principle more fully than 
he has done from the example of the Lake of Hallstadt. This beautiful 
lake lies in a north-to-south valley, and is one of some half a dozen 
lakes which le in the line of the river Traun. The stratigraphy of the 
Hallstadt basin may be understood readily from the accompanying 
sketch (p. 78), which was made on the spot, not from a cursory glance, 
but during a stay of more than a fortnight in the vicinity of Hallstadt. 
It of course represents the face of the mountain on the western side 
of the lake. The strata of the Sarstein massif on the eastern side 
show a corresponding synclinal arrangement. The line of anticlinal 
flexure, which is recorded in the dip of the strata from the Gosau 
Schlucht, having been formed in comparatively recent times, has 
produced so much of the Hallstadt lake as lies in a true rock-basin. 
The lake owes, however, a considerable portion of its depth to the 
diluvial detritus which has been brought into the Traun valley 
from a valley on the eastern side, and has dammed up the valley 
from Steg in the direction towards Ischl. The section represents 
a thickness of strata of over 4000 feet, entirely of Triassic age. 
About midway between the two gorges the strata above the pine- 
forests are highly contorted; and beyond them lie the contorted 
upper Dachstein strata. 

It is worthy of remark that such changes of level as are here re- 
ferred to are not so distinctly recorded as are many similar changes 
which are known to have occurred in mountain-regions contiguous 
to the sea (e.g. in Norway, in South America, and in New Zealand), 
where the mean sea-level serves as a datum-line from which to esti- 
mate their extent t. 

* Credner, El. der Geol. p. 651. 


+ Quart. Journ. Geol. Soc. vol. xxix. 
t Vide Credner, zbid. pp. 169, 170. 
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(2) Again, it may well have hap- 
pened that in some of these later 
movements of the mountains, lateral 
thrusts may have acted vertically, 
or nearly so, to older lines of valley. 
The effect of such forces would be, 
if the resultant force was not too 
deeply seated, to partly close in the 
valleys upon which they were 
brought to bear, until the sides of 
the valleys in their narrowest parts 
came together, leaving the wider 
portions to form true rock-basins, 
which, getting filled with water 
from the surface-drainage, would, of 
course, form lakes. The direction 
of the principal lines of flexure of 
the Jura chain affords a strong pre- 
sumption in favour of the hypo- 
thesis that in this way the valley of 
the Rhone below Geneva may have 
been partly closed in. This alone 
would account for so much of that 
lake as lies in a true rock-basin. 
Part of its depth, however, it owes 
to the delta of the Arve, which has 
been brought down from the Mont- 
Blane region*. 

(3) There i is a phenbinatie well 
known to mining-engineers as a 
“creep.” In old coal-workings it 
is found that the vertical pressure 
of the superincumbent strata, acting 
upon the strata immediately below 
the galleries where the coal-seams 
have been removed, causes the floor 
of the mine to rise, so as in time to 
completely fill up the disused work- 
ings. Such a resolution of vertical 
pressure is possible where more mas- 
sive strata, as often occurs in the 
lake-regions of the Alps, rest upon 
strata of a more yielding nature on’ 
opposite sides of a gorge-like valley. 
In such cases the erosion of the 
valley being continued down to the 
lower strata, these, being at the 

* Vide ‘Les Causes actuelles en Géolo- 


gie,’ by Meunier, pp. 203, 204. 
t Vide Lyell, ‘Student’s Elements,’ p. 56. 
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same time made more accessible to the surface-water and con- 
sequently rendered more yielding, might very well be elevated in 
places where the mechanical action of the valley-stream was too 
sluggish to enable it to wholly counteract any upthrust by the 
deepening of its own channel. In this way I conceive that some 
of the smaller valley-lakes may have been formed. 

(4) Some valleys occupy lines of faulted dislocation—such, for 
example, as that which runs northward from the Inn Thal, and coin- 
cides with the gorge of Jenbach and the Achen Thal. The evidence, 
which I recorded on the spot during three ascents of the surround- 
ing mountains, and which has been given by me elsewhere’, is 
confirmed by a reference to Von Hauer’s map of Tyrol. In this line, 
at nearly its highest part, lies the Achensee, the greatest depth of 
which (2500 feet) is said to be just off the eastern shore. Here is 
a connexion of a lake with a fault. 

(5) The function of moraines in forming dams across valleys is 
too well known to require that I should occupy much space here 
with the consideration of it. As, however, one’s acquaintance with 
the Alps increases, one is greatly impressed with the frequency of 
such occurrences, notable examples of which occur in the Oetz-Thal, 
in the cases of the Obersee and Toplitsee, and many others which 
might be mentioned, where a terminal moraine has blocked up the 
valley. In some cases, as with L. Garda‘ and the L. of Llanberis, 
such moraine-material would appear to have been redistributed, 
and so partly stratified by marine action. Crednert has already 
pointed to the connexion of the outlying lakes of the Alpine region 
in 8. Bavaria—the Ammersee, Starnbergersee, and Chiemsee—with 
moraines. Huge lateral moraines, left by the glaciers on the sides 
of valleys, such as may be observed at the head of the Rofen Thal 
below the Hospiz, and at Carthaus in the Schnalser Thal, may 
descend and block up a valley if once permeated by water, which 
increases its weight and at the same time diminishes the internal 
friction of its materials as well as their friction against the moun- 
tain-side. Such a movement of a great moraine is now actually 
. going on at Fetar, in the Unter-Engadin §. 

(6) The last point leads to the consideration of Bergstiirze, of — 
which there are some notable instances, e.g. the formation of L. 
d’Alleghe and L. Derborence during the last century only, and the 
catastrophes of Goldau and Elm within the present century. The 
extent of the part which these have played in Alpine physiography 
ean only be faintly understood from what is observable in such 
worn-down stumps of more ancient mountains as we meet with in 
Wales, Cumberland, and Scotland. ‘We find,” says Heim, “no 
Alpine valley without such heaps of mountain débris and tradi- 
tions haying reference to them. A still older series belongs to 
a time extending far back beyond the range even of tradition. 
The largest and, perhaps, the oldest we can recognize is that of 


* Geol. Mag. Nov. 1882. “The Triassic Deposits of the Alps.” 
+ Cf. Mr. John Ball, F.R.S., Phil. Mag. 1863, vol. xxvi. p. 499. 
{ Elem. d. Geol. p. 663. § Vide Heim, ‘ Ueber Bergstiirze.’ 
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Flims, in Graubindten. It forms a mountain 600 metres high, and 
extends from near Hanz to Reichenau, in the Vorder-Rhein Thal. 
Upon its surface eight small lakes are found. The Rhine and its 
tributary streams have sawn it out into a number of hills which 
abut as spurs upon the valley ; and at the present time above Ilanz 
there are still visible traces of the ancient lake which was formed by 
the waters of the Rhine as the valley was blocked up by the Fels- 
sturz of Flims. Upon the back of this huge mountain of débris 
there are traces of glacier-moraines and enormous blocks from the 
Puntaiglas Thal. This Bergsturz is therefore older than the period 
at which the moraine-materials were spread upon it—that is, older 
than the glacial period.” A few smaller lakes formed by Bergstiirze 
were observed by me last summer near the Firn Pass in Tyrol; but 
I am not aware that they have been yet described anywhere. 

(7) Lastly, there is the action of diluevwm in blocking up valleys. 
This fact must be so familiar to all Alpine travellers as to need no 
proof here. In many cases the materials have been more widely 
distributed, so as to form alluvial deltas, of which I have noted a 
score or two of instances, at points where two valleys converge. In 
other eases the diluvial detritus remains piled up in huge chaotic 
masses at the mouth of a gorge opening laterally into a valley. I 
saw such a recent accumulation only last summer, near Solden, in 
the Oetz Thal; and Credner* relates an instance which happened in 
the year 1818, in the Bainen Thal, in which a mass of débris 100 
metres high was accumulated at the mouth of the gorge, some of the 
transported blocks of granite measuring 40 cubic metres. Sudden 
and great downpours of rain in Alpine regions, or the rapid melting 
of snow by the warm dry wind known as the Fohn, may furnish 
the rushing waters. Collected from an extensive and steeply sloping 
basin high in the mountains, and driven with enormous velocity 
downwards, as through the narrow neck of a funnel, the transport- 
ing power of water becomes enormous, while the rock-materials, 
being only generally of a specific gravity of 2-00 to 2°90, lose nearly 
one half of their weight in water. As soon as such a powerful cur- 
rent escapes from the confines of its narrow channel, its velocity of 
forward movement is again diminished, and it deposits its burden 
near the mouth of the gorge as chaotic masses of stones or as mud- 
streams. In time all the smaller stones and earth get spread out 
as deltas, which in numerous cases are seen protruding into lakes 
already formed, and in some instances have actually divided a lake 
into two, as is the case with the Plansee, and with the more notable 
instance of Lakes Brienz and Thun. Some instances of enormous 
work done in this way, as the result of a single storm, have come 
under my own observation. The side valleys which pour their 
water and rock-débris in this way into another valley are often of 
younger date than the principal valley: they may be seen in all 
stages of recession from older valleys in the Alps. Difference of 
composition and the strike of the strata may also help to forward 
disintegration along some lines rather than along others. The one 

* Klem. d. Geol. p. 222. 
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essential point in connexion with diluvial accumulations is the fact, 
which can be verified over and over again, that the lakes at the 
outflow of which such accumulations are found, lie above the point 
of convergence of two valleys. It is for the advocates of the theory 
of glacial excavation to show why the work of excavation was not 
done where the union of two glaciers should have been capable of 
doing the greatest amount of work. 

We may define a lake as a hollow in the surface of the earth, which 
is so placed in relation both to the superficial and underground 
drainage of the district in which it is situated, that it rs filled with 
water, either to the lowest point or points of overflow, or to such a 
mean level as corresponds with the excess of the mean annual precipi- 
tation over the mean annual evaporation of the district in which rt 
lies. This is about as much as can be asserted generally of lakes ; 
and it is impossible to give any general rule as to the formation of 
their basins. Each basin must be worked out as it is, in relation to 
all the geological, cosmical, hydrographical, and other conditions 
which bear upon its existence. The hypothesis of the glacial exca- 
vation of lake-basins is not only irreconcilable with the known 
physical properties of ice; it is, besides, unnecessary, since lake- 
basins can be accounted for without it. 


Discussion. 


Mr. W. R. Browne suggested that a lake would be emptied by a 
slight tilt in the general slope of the country ; and a corresponding 
diminution in the slope would form the lake. Wastwater would 
require as much as one in twelve. This change, which would 
only be one in fifty for the Lake of Como, and one in ninety for the 
Lake of Geneva, might well have taken place in the various alterations 
which have happened in times since denudation had commenced. 
The elevation of the central part of the chain would tend also to 
increase the glaciers. 

Prof. Brake stated that there were many causes for lakes, and 
that those mentioned by Mr. Irving were familiar to geologists. 
The main question is, Can a glacier ever excavate a lake-basin? If 
that could be made clear, some progress would be made. He did not 
think it was proved that glaciers could not excavate lakes, From 
the shape of the sides of glacier-valleys, there must be most erosion 
at the bottom. If the medial moraines are brought up from the 
bottom, so might the excavated material be. The lakes of Neu- 
chatel and Constance were difficult to explain as eroded by glaciers. 
It was singular that, as the Lake of Geneva had been filled with 
ice, Miocene fishes should still be found in it. 

Mr. A. Tytor had proved by experiment that ice has erosive 
power. The velocity increases as the cube-root of the mass; and the 
erosive power augments in a high ratio with the velocity. Multi- 
plying the present mass of a glacier by 64 would increase its velo- 
city by 4, and its erosive power by at least 200. This he had 


Q. J.G.S8. No. 153. @ 
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pointed out in the ‘ Geological Magazine’ for 1875, In lake-glaciers 

motion is chiefly derived from the expansion of ice in the act of. 
freezing. The water produced by the heat developed by friction 

during the progress of the glacier freezes in the glacier and causes 

motion (in the direction of the least resistance) towards the outlet 

of the lake where the glacier is thinnest. 

Mr. Tratt said the burden of proof must rest with those who 
asserted that a glacier could excavate. The differential motion of 
a glacier was a most important point. If the ice were moving up- 
hill it would be stopped by friction and gravitation; hence it was 
difficult to understand how a basin could be excavated, and very 
strong proof was needed. 

Prof. Bonney criticised Mr. Tylor’s section and idea, and stated 
that, while agreeing with Mr. Irving in his general principles, he 
differed as to the details. He thought that Mr. Irving had not 
allowed for the fact that many of the large lakes lay in true basins, | 
so that he could not explain them by moraines or débris. Still he 
thought that rock-movements accounted for the larger basins. 

Mr. W. Maruews referred to the recession of the Swiss glaciers 
during the last few years, and asked if on any rock thus exposed a 
basin had been seen. 

The AvtHor, in reply to Prof. Blake, referred to the last discussion 
and his last paper. He entirely dissented from Mr. Tylor’s view 
of the possibility of the ice doing erosive work by freezing at the 
base of the glacier; it would have to expand under great pressure, 
and so would compress and solidify rather than erode the rocky floor. 
The question of how much of a lake was true rock-basin and how 
much formed by moraine or detritus must be worked out in each 
case separately. 
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InTRODUCTION. 


In Part I. of this paper, devoted to the ‘‘ Shells of the Lancashire 
and Cheshire Low-level Boulder-clay and Sands ’*, read before this 
Society in 1873, I discussed in outline some of the physical problems 
involved in a correct interpretation of the phenomena of the Drift 
as it is exhibited in Lancashire and Cheshire. 

It is now my intention, by the aid of numerous sections I have 
been more or less continuously recording before and since that time, 
together with observations in other parts of England and in Ireland, 
Scotland, and Wales, to redraw my picture with afirmer hand. This 
delineation of the Glacial period in the north-west of England will 
rest almost entirely upon my personal observations ; but, at the same 
time, I shall not neglect those important additions to our knowledge 
contained in the Geological Survey memoir by Mr. C. EH. De Rance, 
F.G.8.7, or the valuable papers by that untiring observer Mr. 
Mackintosh, F.G.8.¢, by Mr. Shone, F.G.8.§, the late Mr. Binney, 
F.R.S., and others by Messrs. Tiddeman, Goodchild, and the late 
Rev. Clifton Ward, published at various times in the Quarterly 
Journal of this Society. Neither will the more general papers by 


* Quart. Journ. Geol. Soc. February 1874, vol. xxx. pp. 27-87. 

t+ Superficial Geology of South-west Lancashire, 

{ “ High-level Shelly Deposits of the Eastern Slopes of the Welsh Mountains,” 
Quart. Journ. Geol. Soc. vol. xxxvii. 1881, pp. 351-369. 

‘Dispersion of Erratics of West of England and Hast of Wales,” Quart. Journ. 
Geol. Soc. vol. xxxv. 1879, pp. 425-453. 

§ “Glacial Deposits of West Cheshire,” Quart. Journ. Geol. Soc. vol xxxiv. 
p. 383. 

Q. J.G.8. No. 154. sf 
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Mr. Searles Wood, jun., F.G.S.*, nor the work of Dr. James Geikie, 
F.R.S.7, ke neglected where they bear upon the subject in hand 
and lend any help towards unravelling this most complicated and 
difficult problem. 


RIVER-BASINS. 


To describe in a manner that can be realized the distribution of 
the Drift-deposits, it will be necessary to divide the country treated 
of into local areas. The most natural division that suggests itself to 
me is that of river-basins; for, as will be seen further on, the nature 
of the rocks occurring in these drainage-areas profoundly affects the 
character of the Drift distributed in them. . 


DRiFts oF THE BASIN oF THE River Mersry. 


In a communication to the Liverpool Geological Society in January 
1873, entitled “‘The buried Valley of the Mersey,” I showed by a 
careful comparison of a number of borings, well-sinkings, and exca- 
vations between Warrington and Liverpool that, buried and obscured 
by drift, there exists a rocky valley, probably Preglacial, the bed of 
which at Warrington Bridge is about on a level with the present bed 
of the river at Wallasey Pool, about 26 miles further down. This 
gorge does not pass Runcorn 1n the line of the present river, but cuts 
across the low-lying land upon which the town of Widnes is now 
built. At this point its greatest depth is 76 feet below the present 
bed of the river at Wallasey Pool. From data detailed in that paper 
JT also inferred that a gorge most probably exists in the bed of the river 
between Liverpool and Birkenhead of a still greater depth. Since 
the above paper was written I have had opportunities of examining 
the excavations at the North Docks; and here, again, a system of 
lateral rocky gullies buried in drift was disclosed, one of which, filled 
with shingle and gravel under a coating of Boulder-clay, was excava- 
ted 40 feet below ordnance datum and further tested with an iron rod 
to a depth of fifty-two fect below ordnance datum without being bot- 
tomed +. And, further, I see from the Report in 1880 of Vice-Admiral 
Spratt, the acting Conservator of the river, that borings undertaken 
by Mr. George Hill, C.E., for the Upper-Mersey Navigation Com- 
missioners, show that between Weston Point and Hale Head there 
exists a deep depression. In Mr. Hill’s words, ‘“‘ The most unex- 
pected feature revealed by the borings is the existence of a deep 
depression in the underlying rock about the centre of the river, the 
sides of which appear in some parts to be precipitous ;” ‘“‘ the rock in 
the depression is from 10 to 20 feet below the rock adjoining on 
either side, or from 20 to 30 feet below the Old-Dock sill’’S. 

This depression is hardly deep enough to have formed the main 
channel; it may have been one of the tributaries; and such an 

* «The Newer Pliocene Period in England,’ Quart. Journ. Geol. Soe. vol. 
xxxvi. pp. 457-527. 

t The Great Ice Age. 


1 See article by me in the ‘Builder’ on the Mersey Tunnel, February 4th 1882. 
§ The Old-Dock sill is 4:25 feet below ordnance datum. 
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occurrence is what’ my previous investigations would have led me 
to expect. 

A boring for water at Burscough-Bridge Station shows the rock 
to be there 228 feet below ordnance datum, and to have 278 feet of 
drift, mostly sand and gravel, with some Boulder-clay beds, lying 
upon it. ‘hus there is progressive declination in the rock-level 
from Warrington towards the mouth of the Ribble. 


Drift in the neighbourhood of Liverpool and on the Lancashire 
side of the River Mersey. 


The Boulder-clay in the neighbourhood of Liverpool, though largely 
used for brick-making, is not a brick-clay in the same sense as the 
Clyde laminated clays. It contains many stones and in some places a 
good deal of limestone, which is apt to burst the brick when exposed 
to the weather after being calcined by the burning. In some cases 
the clay is passed through a machine to crush the stones. In places 
there are considerable depths of a fine unctuous clay, which has 
hitherto been considered unfit for brick-making; but the New Ferry 
Brick and Tile Company have proved this to be an old-fashioned 
delusion, as they produce much more perfect bricks than the ordinary 
eee shire or Cheshire make, and even tiles, with a very fine clay 
belonging to this series. 

I have touched upon the economical aspect of the question, as it 
enables a stranger much better to realize the geological nature of 
the clays. 

In this clay and underlying it, as I shall presently describe, are 
beds of sand Ae gravel. 

They rarely show at the surface in the district delineated; but 
sand beds are common in some other areas, and replace the Boulder- 
clay as a suriace-deposit. 

In my descriptions | do not propose to use the terms “ Upper 
and “ Lower” Boulder-clay and.“ Middle Sands and Gravels” as I 
consider these titles beg the question which it 1s my purpose to 
discuss. 

Sections exposed in the North Docks at Bootle (fig. 1).—Excava- 
tions for the Huskisson Branch Dock in 1872 showed the old 
shore-line of the river, consisting of silty gravels (with recent 
shells) from 1 ft. Gin. to 2 feet thick, buried below the spoil filled in 
to form what was the Dock quay. ‘The shore-line had been cut in 
the Boulder-clay, which was 24 feet thick at the deepest part, and 
consisted of an extremely homogeneous plastic clay containing 
occasional rounded pebbles and afew of the usual erratics. Beneath 
the clay was a bed of gravel from 2 ft. 6 in. to 3 ft. 6 in. thick, resting 
on red sand which covered the rock. 

The rock-surface would therefore be about fam 12 to 14 feet below 
ordnance datum. 

A few irregular patches of sand occurred in the clay ; but they 
were devoid of form or stratification. 

In June 1874 I examined the excayations for the new Alexandra 
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Fig. 1.—Plan of Atlantic Docks, Liverpool, 1874-81. 
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Branch Dock No. 3; and here the Boulder-clay was again exposed. In 
the trench for the dock-wall parallel with the river-wall the surface 
of the Boulder-clay was 16 feet below ordnance datum. The section 
disclosed 9 feet of Boulder-clay, 3 feet of sand occasionally developing 
into gravel, and then from 3 to 5 feet of Boulder-clay resting on red 
sand and red ‘‘roach” rock. 

A Postglacial gully excavated in the Boulder-clay intersected 
the dock; and in this was the trunk of an oak tree, about 3 feet in 
diameter, lying longitudinally in the gully, as if it had been washed 
down it, at a level of about 22 feet below high water ; a layer of 
recent silt covered the whole. 

In May 1876 further excavations showed below the silt a con- 
siderable thickness of peaty matter full of drift timber, principally 
oak and pine. In one place only, at the base of the peat, I observed 
the stump of a tree rooted into sand resting upon the Boulder-clay. 

At various times between 1876 and 1878 I carefully examined 
the excavations of the series of docks and graving-docks, extending 
over an area of about 80 acres, and made record sections of the beds 
disclosed: these I reproduce (figs. 2-5, p. 88), as they will serve to 
explain the drift-geology better than any written description*. 

It must be understood that the beds are so irregular that another 
observer coming at a time when a different face was exposed 
would no doubt give a different representation of it. The sections 
I give I considered typical; and I vouch for their accuracy. 

Speaking generally, the same succession prevails as occurred in the 
sections already described. In ascending order we have the red 
rock of the Trias with the red sand and rubble covering it; upon 


* T must here express my indebtedness to Mr. G. F. Lyster, the engineer to 
the Mersey Docks and Harbour Board, for the facilities of inspection afforded 
me and for much information given. 
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this lies the shingle or gravel; but sometimes the Boulder-clay lies 
directly on the rock, and in other cases the shingle is divided by 
patches of Boulder-clay. At another point the gravel is enterel 
by a sand seam which divides the Boulder-clay where the deposit 
becomes thicker in consequence of depressions in the surface of the 
rock on which it rests. 

The lower part of the clay may be described as containing more 
waterworn boulders than the upper, thus partaking of the nature of 
the shingle it is in contact with. The upper part of the clay is more 
plastic, like that of the Huskisson Branch Dock, but contains, usually, 
large and numerous glaciated erratics of granite, dolerite, diorite, 
limestone &c., some of which must weigh several tons. 

In November 1881 I made a very careful inspection of the exca- 
vations then going on in Dock F, the most northern of the series : 
in this I was assisted by Mr. John Dickson, the contractors’ engineer, 
who has had charge of all the excavations from the commencement. 
The sections are shown on p. 88. A-—B (fig. 2) shows the face of the 
cutting of the south side of the dock, C-D (fig. 3) that on the north 
side ; they are seen in reverse directions. This dock over its whole 
area showed a much more decided and persistent arrangement of the 
beds than did any of the others. Commencing at the base, in section 
A-B, we have, in ascending order, No. 1, a bed of gravel and sand not 
bottomed, 5 feet; No. 2, a bed of short hard clay containing many 
waterworn drift stones. This clay contains shell-fragments, and in 
excavating requires to be first loosened with the pick. No.3,a bed 
of sand varying in thickness from 2 or 3 feet to a mere line. It is 
remarkably persistent all over the dock; it appears to be a line of 
erosion running nearly in one plane with a slight dip towards the 
river, excepting in places where it curves into hummocks, as shown 
in section C—D (fig. 3), where it in one place develops into gravel, 
and at another is split up by a tongue of clay. 

No. 4, strong plastic clay which has to be got with the grafting- 
spade, consequently costing more labour in the getting. It contains 
many erratic boulders, principally of diorite, the largest measuring 
4 ft. 6 in. by 4 ft. 6 im. by 4 ft. 6 in. I counted thirteen lying at 
the 8.E. corner of the dock. It is about 13 feet thick at the east 
end, but thins down to about 7 feet at the west end of the dock. 
Bricks are made from this clay for use in the dock-works. The 
elay No. 2 is unfitted for brickmaking. 

No 5is a Postglacial silt, in which many bones of Cetaceans have 
been found, also red deers’ antlers, skulls and bones of a small variety 
of horse &c. They usually lie near the base, which rests on the 
Boulder-clay. 

As these last sections were decidedly the most markedly stratified, 
it was of importance to find out if any distinctions occurred in the 
organic remains which they contained. This could not very well 
be done through evidence of the Mollusca, their remains, though 
present, being scattered and fragmentary, and no heaps of clay being 
left from which weathering would separate them, as happens in 
brick-fields. I therefore submitted, for microscopic examination 
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specimens of the several beds, weighing about 8 Ib. each, to my 
friend Mr. David Robertson, F.L.S., F.G.S., of Glasgow, who kindly 
made a very full Report, which I annex in an appendix. 

It will be observed that bed No. 1 contains a few freshwater 
Ostracoda among numerous fragments of marine shells. 

As I believe from other evidences that this is the nearest approach 
to a littoral deposit we find in our Drift, it might well happen, if a 
side stream had entered the Mersey at this point, that freshwater 
Ostracoda would get mixed with marine remains. 

No. 2, the reddish-brown clay, consists of 60 parts of mud, 32 of 
sand, and 8 of gravel, about one half of the sand and gravel being more 
or less angular, the other half well rounded, and one piece finely striated. 

No. 3, red muddy sand, much waterworn, contained very small 
chips of shells and a fragment of a starfish and one Foraminifer. 

No. 4, red clay, consists of 58 parts fine mud, 20 of sand, and 22 of 
gravel, mostly small and waterworn. 

It is unnecessary for me to give more particulars, as they will be 
found in Mr. Robertson’s very careful report; but it is important to 
notice the effect of the differing proportions of the three constituents, 
viz. mud, sand, and gravel, on the nature of theclay. It will be ob- 

served that bed No. 4, which I describe as plastic clay from which 
bricks are made, contains 2 per cent. less sand than clay No. 2; but 
the sand is replaced by a larger proportion of gravel, which does not 
tend to make the clay “short” as sand does. The gravel is not very 
noticeable to the eye; but on attempting to cut the clay with a knife, 
its presence is very soon discovered; at the same time I was hardly 
prepared for so large a proportion of gravel as 22 per cent. 

I have dwelt much on these sections, as it is seldom one has an 
opportunity of examining excavations on so large a scale, and they 
are instructive as showing how the beds of which the drift is com- 
posed vary as new faces are exposed. 

I have given an exact and literal description of the appearance of 
the beds, leaving for discussion afterwards whether it is possible 
geologically to separate them. 

The New Garston Dock.—These excavations I have already de- 
scribed in a communication to the Liverpool Geological Society * 
therefore it will suffice to say that the Boulder-clay here rests upon 
a very regular shelf of rock covered with the usual red sand and 
rubble, varying from a few inches to three feet thick. In some 
places current-bedded sand and gravel, and mixed clay and gravel, 
occur between the red sand and the Boulder-clay. 

Garston is about 5 miles ae Liverpool, on the same bank of the 

_ Mersey. 
Widnes.—The deposits here are described in the Le on the 
“ Buried valley of the Mersey” already alluded toy. The deepest 


* “The Glacial and Postglacial Deposits of Garston and the surrounding 
District, with remarks on the structure of the Boulder-clay,’ Proc. ef the 
Liverpool Geol. Soc., Session 1874-75. 

t Proce. of Geol. Soc. of Liverpool, Session 1872-73. 
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bering, No. 5, at Lambert’s copper-works, showed the rock to be 
163 ft. below the surface. 

The bulk of the clay penetrated by the various bore-holes was of 
a very fine plastic nature, like that used by the New Ferry Brick 
and Tile Company. ‘There did not appear to be many stones in the _ 
clay ; but they were said to increase near the bottom both in number 
and size. There were erratic pebbles mixed with the red sand. 
A piece of cannel and some pieces of bituminous coal were found in 
one of the wells, 49 ft. from the surface. 


Sankey Bridges.—The Boulder-clay was here penetrated to 100 
feet below the surface, the last 20 feet showed 5 feet of sand mixed 
with coal-dust, and 15 feet of clay with bands of gravel. A sand- 
and-gravel seam 2 feet thick was passed through about 53 feet from 
the surface. 


Cheshire Lines, Liverpool Extension Railway.—Between Garston 
and Warrington there were some excellent sections of the Drift 
disclosed from the beginning of 1872 until the middle of 1873. 
One continuous section commencing at Garston was 3,4, miles long. 
The whole of the features hitherto described as distinguishing the 
drift were to be found in one place or the other in this section. 

The diagram (fig. 6) exhibits, as accurately as I could depict it, the 
varying nature of the drift. 

Speaking generally, the Boulder-clay was divided by very persis- 
tent seams of sand as at A, though in places these thinned out and 
the upper and lower beds coalesced and became one with no ob- 
servable division as at B B, or the gradation from clay to sand was 
undefinable, as at C C. The sand beds were often distinctly strati- 
fied,as at A. The beds of sand were occasionally arched and lami- 
nated, as at E. On some of the sand beds the clay immediately 
resting upon them was in book-leaf laminations which showed very 
plainly by weathering, as at F'; or the bed of sand actually termi- 
nated in laminations as at D. The usual red sand and rubble, G, 
occurred at the base of the clay when the rock H was reached. 

At ‘one point a gravel-bed occurred between the clay and the 
rock. In places the lower part of the clay was decidedly harder 
and stonier than that above, as at L; but this quality was not 
always persistent; it also contained beds of gravel, as at M. ‘The 
upper part of the clay, as is common, was split by shrinkage, and 
broke, with blue faces or irregular joints to the sand-seams below. 
Irregular sporadic patches of sand occur in the clay, as at J. The 
usual glacial erratics and boulders were met with. In one place 
thin beds of clay, A’A’, were interstratified with the sand; I saw no 
boulders in the sand-seams ; but I cannot affirm that none were met 
with. Shell-fragments were to be picked up; but they were not 
very frequent; they are given in my list, Part I. 

Hitherto I have made no remarks on the shell-fragments; but 
they are to be found more or less in all the clays I have described, 
occasionally in the sand-seams. Some sand appears utterly barren ; 
but the clay always contains them. | 

The section at Farnworth (fig. 7) was just over a milelong; and 
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Vig. 6.—Cheshire Lines, Liverpool Extension Railway : Section from beyond Hunt's Cross Station to beyond Garston Station. 
(Vertical scale + inch to 10 feet.) 
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here for ? of a mile the Boulder- 
clay was split in two bya persistent 
seam of sand, N, not more than 
6 inches thick; the surface of the ° 
clay and the imbedded seam of 
sand followed pretty closely the 
contour of the rock, O, below. The 
remainder of the cutting showed 
a seam of sand, P, also; but it 
was not so defined, and appeared 
to thin out to nothing at either end 
or lose itself in indefinable divi- 
sions or ramifications, P’. 

Shell-fragments were in the 
sand-seam. The base of theclay 
rested on the usual red sand, Q, 
degraded from the rock below. 
Nearer Warrington there was a 
eutting in the Boulder-clay; but 
it presented no features to indivi- 
dualize it. 

Wigan Junction Railway. — 
These sections are described in 
my paper “On a Section through 
Glazebrook Moss ” (Quart. Journ. 
Geol. Soc. vol. xxxiv. pp. 808- 
810). The same feature of a divi- 
sional seam of sand shows in the 
cutting; but a bed of “ book- 
leaf” clay 18 inches thick, 8 feet 
from the surface and a quarter 
of a mile long, distinguishes the 
section. 

Cheshire Lines from Hunt’s Cross 
to Aintree.—I examined the sec- Nay): 
tions along this railway while it ¥I\\\\\\AGISSS-------- 
was being made in 1876-7. The “i 
same peculiarities occur at the base 
of the clay where it is seen resting 
on the rock, viz. red sand and oc- 
casional grayel-beds. There were 
a few seams of sand in the clay 
itself; but there was nothing pe- 
culiar to mark these sections from 
the last. 


About Liverpool.-—Excavations 
in the City of Liverpool show the 
Boulder-clay resting on the red 
sand ; and I have seen very large 
erratics taken out of them. It 
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is very striking to see these records of a Glacial age extracted from 
under the busy offices and warehouses of Liverpool. Brick-pits are 
studded all round the town. In the excavations of the Granby- 
Street Board Schools, Toxteth Park, of which I was the architect, the 
Boulder-clay was covered, first with a soft blue clay, evidently the 
washings of the Boulder-clay, probably subaerial, about 2 feet thick, 
then ‘‘ Washed drift sand,” covered by a peat-bed with remains of firs 
therein, and then surface soil. There is nothing special to notice 
about the clay of the brick-pits. When the Boulder-clay is absent, 
granitic and other glaciated erratics are often met with resting 
directly on the rock. In an excavation on the side of the lake in 
Sefton Park the surface of the rock below thin beds of sand and 
gravel was worn smooth as if by a stream of water. A section of 
the cutting at Bootle-Lane Station is given in Part I. of this paper, 
Feb. 1874, p. 28; the bed of Boulder-clay No. 6 resembles the bulk 
of the clay disclosed by the Widnes boreholes. 


Rwwer-cliffs—One description will do for these Boulder-clay cliffs. 

At Egremont there is a divisional seam of sand in the Boulder- 
clay; and Mr. Mackintosh* argues that below this the clay is 
“ Lower Boulder-clay,” and above it the “ Upper.” Between the 
Dingle and Garston a similar divisional seam of gravel occurs. I 
will reserve the discussion of the relations of these beds until my 
description is finished. The cliff south of Garston also shows a 
divisional plane with a few pebbles marking it. Boulder-clay cliffs 
are to be seen near Kastham ; but to describe them would be only 
reiterating what I have already said. 


Drift on the Cheshire side of the Mersey Basin. 


That portion of the peninsula of Wirral draining into the Mersey 
is generally, excepting over the more prominent elevations, covered 
with a Boulder-clay answering to that on the Lancashire side ; 
where the base is exposed the same phenomenon of red sand and 
rubble and yellow sand and rubble, according to the nature of 
the underlying rock, is to be seen. This I observed at the excava- 
tions for the new Birkenhead Station, in excavations for houses at 
Oxton, and in sand-pits in the Happy Valley, Tranmere yt. Striated 
rock-surfaces have been recorded also from time to time by various 
observers. From an examination J made in 1877, before reporting 
to the Wallasey Board on a site for the proposed cemetery, I came to 
the conclusion that on the coast just beyond the “ Red Noses ” there 
exists a sea-cliff buried in Boulder-clay, which is again covered with 
blown sand. Borings at Leasowe Castle by Mr. Cunningham, reported 
to the British Association in 1854, also showed that there was a con- 
siderable and undetermined thickness of Boulder-clay near the shore. 
The phenomenon of deep rock-gullies filled in with drift also 


* Quart. Journ. Geol. Soc. vol. xxxiii. 1877, p. 732. 
t Described by Dr. Ricketts in Proceedings of Liverpool Geol. Soc., Session 
1876-77, p. 254. 
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occurs at Tranmere Pool and at Hooton, thus bearing out the in- 
ferences drawn from the Lancashire side *. 

At Upton, in May 1873, I examined with Mr. Shone a sandhole 
which showed a section of current-bedded sand and gravel with 
rolled pebbles of Red Sandstone mixed with erratic pebbles (fig. 8); 
in it the usual shell-fragments occurred. The whole was overlain 
by a thin bed of Boulder-clay of irregular thickness, containing only 
a small proportion of stones. JI have very seldom found rolled 
pebbles of Triassic rocks, except in some of the clay of the dock- 
excavations on the Lancashire side; and this is worth bearingin mind. 
The same section, excepting that the sand. is of a flesh- or reddish 
colour generally, was to be seen at the Backford sandhole. Here 
the valley is about 50 feet deep, and must formerly have been 
filled with sand, which has been denuded. 


Fig. 8.—Seciion im Sandpit, Upton. 


(ge 


' a. Sands and gravels. 
b. Bed of gravel containing many rounded pebbles of red sandstone. 
ec. Current-bedded sands containing beds of gravel, in which are many 
fragments of shells, especially in the gravel. 
d. Boulder-clay with few stones. 


Helsby and Frodsham.—Ascending the Mersey, the Boulder-clay 
skirts the foot of the Helsby and Frodsham hills which overlook the 
upper marshes of the Mersey. When, however, we follow the 
valleys which ramify among these hills, we find they are largely 
filled with a sandy drift not unlike that at Backford. A section 
disclosed by a well I sunk at the late Mr. George Eastee’s house, 
about a mile from Helsby, showed 20 feet of yellow flesh-coloured 
and red sand, evidently arranged by water, with a seam of clay 
about the middle of it, the whole resting on soft rock. 

On the northern face of Helsby Hill, about halfway up, a cutting 
at the side of a road showed the following section (fig. 9), the rela- 
tion of the Drift to the escarpment of Helsby Hill being shown in 
fig. 10. 

Valley of the Weaver.—From Frodsham up to the Grand Junction 
Viaduct the river Weaver runs through a deep valley cut in the 


* “ Buried valley of the Mersey,” Proc. of Geol Soc. of Liverpool, Session 
1872-73. 
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Fig. 9.—Section on side of road, northern face of Helsby Hill. 


: Surface of road. 


1. Hard flesh-coloured Keuper sandstone. 

2. Fine yellow laminated sand with interlaminations of reddish clayey sand, 
very regular and distinct, with a slight slope up the hill; occasional 
waterworn travelled pebbles occur, principally near the top. 

3. Sand blackened with iron oxide (“ fox-bed ”). 

4, Subaerial detritus, or “ talus,” from the cliffs above, with white sand filling 
the interstices between the rubble, and large irregular blocks which were 
freely strewn on the slope. I could find no shells. At several points 
along this road are to be seen very large granite boulders lying in the 
sand-drift. 


Fig. 10.—Section™ showing the position of the Stratified Drift m 
relation to the escarpment of Helsby Hills. 


2 
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a, b. Talus of angular blocks of Red Sandstone, lying upon and covering 
stratified yellow sand (c) containing occasional rounded drift-pebbles. 


Keuper marls. At one point there is a remarkable basin-shaped 
sweep from the cliffs on the right bank of the river, looking very like 
the effect of a large landslip afterwards modified by rain. There is 
a remarkable absence of drift in this valley, which is worth noting. 
On the plateau on each side drift can be found. About Aston 
there is generally sand covered with sandy clay and then with 
yellow sand; and near Aston Grange the Boulder-clay is to be seen 
in the farmyard. Erratic boulders are also to be met with. 
Stockport.—In April 1874 I examined and drew a section (fig. 11) 
of the drift disclosed in the London and North-Western Railway 
Company’s ballast-pit at Stockport. At the base was very light yellow 
sand, 1, in all sorts of curved contortions, looking at a distance like 
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rock. Resting upon an uneven surface of this bed was a bed of 
current-bedded sand and gravel, 2. Above this occurred lenticular 
patches of clay, 3, almost forming a continuous bed, and of irregular 
thickness. The whole was capped by stratified sands and gravels, 
4 and 5, and surface soil, 6. The river Mersey runs in a valley 
much below the level of this drift; and no doubt there has been 
considerable river-denudation. 


Fig. 11.—Section in Ballast-pit, Stockport. 
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SMOG 
1. Light yellow sand, contorted. 
2. Obliquely stratified sands and gravels. 3. Clay. 
4, Stratified sand. 5. Gravel. 6. Soil. 


Hazel Grove.-—A. somewhat similar series of sand and gravel beds 
on a small scale occurs at Hazel Grove; and there are many Triassic 
and Carboniferous pebbles in it. 

Poynton.—Boulder-clay is to be seen in a brick-pit at Poynton. 
The erratic stones are distinguished by being very much weathered. 
The nature of the clay is evidently affected by the neighbourhood . 
of the hills of Carboniferous sandstones and shales, being of an 
arenaceous nature and of a yellowish hue. It appears to rest upon 
a sand like that of the Macclesfield-Cemetery beds. 

Macclesfield.—About the same date I also examined the Maccles- 
field-Cemetery beds described by Mr. R. D. Darbishire, F.G.S., in 
1865*. The section exhibited a considerable thickness of current- 
bedded yellow sands and gravels with shell-fragments. Mr. Darbi- 
shire estimates these beds at 70 feet thick, and states that they 
rest on Boulder-clay. He enumerates 49 species of marine shells 
from them. The elevation above the sea is stated at from 500 to 
600 feet. 

Beyond the bridge over the Macclesfield canal, at about 550 feet 
above ordnance datum, was a brick-yard consisting of purple-red 
clay covered with yellowish arenaceous clay. ‘The contained stones 
were more rounded and weathered than those about Liverpool. I 
found several flints, one being about 23 inches in diameter. 

In a stream by the “Setter Dog” was to be seen the drift- 
gravel first described by Mr.-Prestwich. The gravel is very pecu- 
liar, being full of loamy matter; and along with well-worn travelled 
gravel are angular, subangular, and flat flagey pieces of Carboni- 
ferous sandstone. It is very singular to find this isolated patch of 
marine gravel full of shell-fragments among these hills. The neigh- 
bouring hills have only a thin covering of subaerial detritus; but 
erratics of Buttermere syenite and greenstone are to be found scat- 
tered over them as far as the “ Bow Stones.” Isaw no evidences of 


* Memoirs of the Literary and Philosophical Society of Manchester, 
vol, ii. series 11. pp. 56-66. 
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striation or planing on any of the numerous erratics | examined. 
There is at Styperson, covering the rock, a red clay with erratic 
stones; but all over these hills, as far as Whaleybridge, drift is 
generally absent. 


Drift of the Rwington Hills. 


. Perhaps the most interesting section of the Drift occurring 
among the hills was that shown by the excavation for the puddle- 


Fig. 12.—Turner’s Trench, Yarrow Reservoir, 1872-75. 
(Horizontal and vertical scales 220 feet to 1 inch.) 
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A, A. Bottom, as excavated. G. Gravel. 

B, B. Shale excavated. H. Good blue clay, containing a few 
C. Gravel and sand. ° stones, sand-veins, and some gravel. 
D, D. Loam. I. Peat and clay. 

E. Boulders and gravel. J. Soil. 


FB. Gravel and sand. 


wall of the Yarrow Reservoir at Rivington*. The site of the 
reservoir is to a large extent in the coal-shales, as proved by the 
tunnels and trenches. The river Yarrow runs from Allan’s Bridge 
into the Anglezark Reservoir; and the valley dammed up by the 
embankments thrown across at two points to form the Yarrow 
Reservoir is a side valley, which the excavations proved was the 
Preglacial valley of the Yarrow. This had been sufficiently filled 
up with drift-deposits to divert the river up to the valley of the 
Anglezark Reservoir. The excavations for what was called Turner’s 
Trench (fig. 12) disclosed a gully in the solid rock 140 feet deep from 
the surface, which, from the winding of its course, was intersected by 
the same trench in two places, Gand H. ‘The bottom was in Mill- 
stone Grit, which had a surface highly waterworn. The lower part 
of the gully, Mr. Martin, the resident engineer, informed me, was 
filled up with gravel, sand, and large stones, the largest being 
boulders of Millstone Grit. The upper part was of blue Boulder- 
clay; and throughout there were waterworn boulders and pebbles of 
limestone, granite, porphyry, and greenstone. The excavation for. 
the puddle-wall of the Yarrow embankment intersected the same 
gully at a higher level, and was filled up with loam, sand, veins 
of gravel, and boulders (fig. 13). 

* The Yarrow is a tributary of the river Douglas between the Mersey and 


the Ribble. Not having devoted a special division to the basin of the Douglas, 
the description of the Drift is most naturally in place here. 
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The sections of the two trenches are from diagrams and descrip- 
tions kindly given me by Mr. Martin, the resident engineer. 


Fig. 18.—Section in Yarrow Trench, Yarrow Reservoir, 1872-75. 
(Horizontal and vertical scales 220 feet to 1 inch.) 
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A, A. Bottom, as excavated. EK. Soft shale. 

B. Hard grit rock. F. Loam, sand, and veins of gravel. 
C, C. Black shale. G. Gravel. 

D. Soft broken shale and clay. H. Soil. 


Fig. 14.—Section of Turner’s Side Trench, Rwington. 
(Scale as in fig. 12). 
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1. Brown clay with boulders. 
2. Sand and gravel current-bedded, together and mixed with clay. 
3. Rubble débris of coal-shale in large angular blocks. 
4. Coal shales. 
At a the clay was not. bottomed at 20 feet deep. 
6 is supposed to be another section of the gully. 


Fig. 15.—Section in Cutting on the west side of Yarrow Reservoir. 
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1. Yellowish clay, 3 feet. 

2. Brown clay with angular fragments of coal shale. 

3. Blue clay (Till) very hard, but falls when wet—full of pebbles, and 
containing many Millstone-grit boulders (up to 8 tons) mostly 
waterworn, but none glaciated. 
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I examined these excavations in May 1872, and again in January 
1875. Turner’s Side Trench, a bend in Turner’s Trench along the 
side of the hill, showed a section of coal-shales, with an angular 
rubble débris resting on the upturned edges of the shale (fig. 14). 
Upon this lay a patch of sand and gravel, current-bedded, the whole 
being overlain by brown clay with boulders. At another point in the 
reservoir the side of the hill was being excavated for clay for the 
puddle walls, and for material to form the embankments (see fig. 15). 

The working face was 200 feet long and 16 feet deep. The lower 
stratum was of Boulder-clay, blue-grey in colour, unlaminated, and 
very hard, but falling with water. The clay was very full of pebbles 
and Millstone-grit boulders up to 8 tons in weight, which had to be 
blasted. I have since seen the Scotch Till, and find this Yarrow 
Boulder-clay to be a deposit apparently identical with that found on 
the Carboniferous areas of the Clyde and Forth *. 

Upon this ‘‘ Till” lay a brown clay containing angular fragments 
of Coal-measure shales; and the whole was capped by a yellowish 
clay about 3 feet thick. There were no signs of shells or shell- 
fragments about; nor had any been found. The deposit was evi- 
dently unfossiliferous. In 1875 I saw a similar excavation, also on 
the west side of the valley, in the Till, which was of a grey colour 
and full of limestone, granite, syenite, and greenstone boulders, all 
rounded and slightly scratched indefinitely over the whole surface. 
The limestone showed the scratches plainly. The deposit was hard 
and compact, requiring a pick to disturb it; and, as I noted at the 
time, it answered to the description of the Scotch Till, which I have 
since verified by examination. 

The level of the reservoir is about the 500 feet contour. At Ad- 
lington, at a lower level, I found a clay used for making bricks 
similar to our marine Boulder-clay, but containing more pieces of 
shale, and in it one small fragment of a bivalve. 

So far I have confined my description entirely to personal obser- 
vations. Over so large an area as the Mersey-basin, containing some 
1748 square miles, there are necessarily numerous places left entirely 
undescribed. Still I think sufficient has been given to form a fair 
general view of the distribution of the Drift in it. It would be 
only wearisome iteration to go on further describing section after 
section. 

Before proceeding to describe the deposits in other river-basins, it 
will be well, while the facts are in our minds, to try if we can 
discover any general principle which will connect all these detached 


observations. 
Observations on the preceding Sections. 


A glance at the large map I have prepared (PI. V.), showing the 
position of the preceding drift-sections in relation to the geological 
formations and drainage-lines of the country, shows at once that 
there is an intifmate connexion between them and the nature and 
distribution of the Drift. The greatest depth of Boulder-clay is at 

* « The Glacial-beds ot the Clyde and Forth,” Liverpool Geol. Soc., Session 
1879-80, pp. 139-153. 
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Widnes, near the mouth of the river Weaver, which, with its tribu- 
taries, is almost confined to the Keuper marls. 

The extremely fine unctuous nature of the clay down to a depth 
of 140 feet from the surface, together with the position of the 
deposit, points most conclusively to the river Weaver as the origin 
of it. None the less clear to my mind is it that the whole of 
the Boulder-clay, as seen in the cliffs on either side of the river 
Mersey, from Runcorn to its mouth, and the fine clay in the North 
Docks, have a similar origin. 

The plateau of Keuper marls also appears to have provided the 
matrix of the Boulder-clay along the valley of the Mersey up to 
Manchester. When we get to Stockport we are in the region of 
sands and gravels, as is also the case at Hazel Grove. Here the 
drainage is from the steep hills of Carboniferous sandstone; there- 
fore it is anatural and fair inference that the character of the Drift 
has changed from this cause. 

At Macclesfield we again come onto the Boulder-clay and over- 
lying sands and gravels ; and as that town is situated at the foot of 
steep hills of Carboniferous sandstones on t!.e one hand, and the 
Keuper-marl plateau on the other, we are led to conclude that the 
sands have come from the one, the clays from the other. The 
northern side of the Mersey is occupied with Triassic rocks; and 
beyond lie the Coal-measures. 

May not these have supplied the material for the included beds of 
sand found in the Boulder-clay ? At Upton, in Cheshire, the drift 
again changes; but here we are getting very close to the drainage 
of the river Dee, which is largely fed from a sandstone area; so 
now I will proceed to examine the drift found in the basin of the 


river Dee. 
DRIFT OF THE BAstIn OF THE River DEx. 


From West Kirby to Parkgate, on the east bank ef the estuary of 
the Dee, is a cliff of Boulder-clay which has attracted some atten- 
tion. The section at Dawpool has been described by Mr. Mackin- 
tosh in the Quarterly Journal of the Geological Society, vol. xxviii. 
pp. 888-392, and vol. xxxiil. pp. 731,732. Nearer to Hoylake the 
cliff is lower, and overlain by blown sand. Between the blown 
sand and the Boulder-clay is a bed of Postglacial blue silt or clay, 
1 foot 9 inches thick and 4 feet 6 inches above high-water level; 
further up the estuary this bed rises to 9 feet above the same level, 
with a thin bed of soil under it, and then sand lying on the Boulder- 
clay. 
The highest level of these Postglacial beds noticed by me is from 

12 to 14 feet above high-water. They consist of blue clay con- 
taining a few pebbles underlain by yellow sand resting upon the 
Boulder-clay. The Boulder-clay is of a deep purple colour. As you 
‘approach Dawpool the cliff becomes loftier, and has in it a thin bed 
of intercalated sand and gravel. Further on, again, the cliff was of 
homogeneous Boulder-clay. 

I have examined these cliffs at various times; but the sections 


Q.J.G.8. No. 154. ; 
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differ more or Jess from time to time. 
In December 1872 I made sections at 
several points (figs. 16-19). There 
are in the Boulder-clay sand and 


gravel seams more or less persistent, ‘Ss 
sometimes two, occasionally a third, 
and sometimes only one, or, it may be, ~ ss 
aseam of finely laminated clay, the clay in oo 
above the sand seams or seam having EB & 2 
blue facings. The lower part of the Sidiay <hie 
clay below these seams is largely eee 
mixed with red sand, and appears to ie a 
contain a much larger percentage of a 
rolled boulders or pebbles than the S 
upper. 

The base of the Boulder-clay in kya 
other localities is often distinguished \ 

SN 
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by these two features (see section at \\ 
Bootle-Lane station, Part I., Quart. 


4 


Journ. Geol. Soc. vol. xxx. p. 28). 
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nowhere to be seen on the east mar- = & & e 

gin of the Dee. a bea 5 

There are a great many very large “~~ “ “ 

erratics on the shore near Dawpool ; 

these have been already pretty fully , 
; e ws 
described by Mr. Mackintosh. XN 


In May 1873 I examined with Mr. 
Shone the excavations of the West 
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Cheshire Lines Railway near to Ches- NA a SS 
ter. This section showeda large de- 4 id ww bs 
velopment of sand, to some extent £732 8 2 
stratified, capped mostly, but not in- e Sue & 
variably, with a bed of fine purple z 2 = = 
Boulder-clay containing but few “~ =" = 


stones. In some places the junction 
between the sand and the clay formed 
a very irregular line. A section of 
this cutting is given in Mr. Shone’s 
paper, Quart. Journ. Geol. Soc. vol. 
xxxly. p. 384. The sand occasionally 
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contained thin beds of clayey sand; “4, | ae 
at one point the junction of the sand EY & 83 & 
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sand, to all appearance, contained 7 # pans 
neither boulders nor gravel. te 8 
River Alyn.—This river is a tric ~S° 
butary of the Dee. In the right 5, 
bank towards Rossett, forming a 2 
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the Dee and Alyn; is a very high bank of shingle. None of the 
stones were scratched. They consist of Silurian grits, Mountain 
Limestone, felspathic and trappean rocks, greenstone, small pebbles 
of granite, cherty limestone, syenite and Millstone Grit. On the 
opposite bank and higher up the river, a landslip (August 1873) 
displayed stratified sand with thin bands of gravel and, in some 
places, fragments of coal. At one point there appeared to be seams 
of peat; but an examination showed they were composed of rounded 
pieces of coal-shale closely packed together. I picked up fragments 
of Cardium and Tellina ; but they were not plentiful. On the east 
side of the railway between Wrexham and Gresford is a ballast-pit 
(fig. 20) showing gravel, shingle, and boulders (c) lying upon strati- 
fied sand (d). 


Fig. 20.—Section in Ballast-pit on the east side of the Valley 
between Gresford and Wrexham. 


e. Gravel and shingle mixed with sand. 
d. Stratified sand. 


The bed of shingle and gravel was mixed with sand, and was about 
25 feet high. There were some large granite boulders among it 
mixed with stones common to the Lancashire drift and with local 
stones and coal-shales. 

The local stones greatly preponderated. 

At Chirk we come upon the Dee again, and from the railway 
viaduct can be seen a very great depth of half-rounded shingle which 
has been cut into by the river on its right bank. 

Higher up the river than Llangollen and about Corwen are great 
hills ‘of gravel and sand drift showing curved bedding; these beds 
are cut into cliffs on either side of the valley. Near Carrog station 
the drift is very full of boulders. At Cynwyd station there is a deep 
cutting in a buff-coloured clayey drift containing boulders. Near 
Llandillo there is a good section of bedded sand and gravel. 

At Bala station there is a drift of angular, subangular, and slaty 
shingle. Between Bala and Dolgelly, massive rounded boulders are 
seen resting upon the rock. Here are also gravel mounds. There 
are immense boulders in the gravel. Theshores of Bala Lake by the 
railway show gravel, shingle, and large boulders in the shallows of 


the lake. 
General Observations on the Drifts of the Dee Basin. 
The Boulder-clay of the estuary of the Dee is generally similar to 


that of the Mersey. 
12 
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The same vertical arrangement, generally speaking, prevails; that 
is, the base of the sections often consists of a clay evidently consider- 
ably mixed up with the grindings of the Triassic rocks beneath. 
Rounded boulders are also more plentiful in the lower beds. I have 
seen, however, no shingle or gravel beds at the base such as I have 
described as occurring at the Atlantic Docks, Liverpool; but then 
there have been no excavations made that could disclose them, and 
the actual base of the clay is seldom visible on the Dee estuary. 

Fibrous gypsum from the Keuper marl is often met with in the 
Cheshire Boulder-clay. I have in my possession a large piece taken 
out of the dock-excavations, Liverpool; but it is not so plentiful in 
Lancashire as in Cheshire. The contained stones in the estuaries of 
the Mersey and Dee are practically the same in character. The 
greater depths of Boulder-clay usually lie in the valleys. At Ford a 
boring showed 83 feet to the rock. It is probable that there exists 
a considerable thickness of Boulder-clay to the seaward of the penin- 
sula of Wirral. 

Towards Chester, as shown in the section of Upton sand-hole 
(fig. 8) and the section of the West Cheshire Lines described at page 
100, sand comes in in much greater force as a constituent of the 
drift sections ; and as we proceed up the Dee and branch off into 
the river Alyn we find very great deposits of stratified sand and 
banks of shingle. 

It would thus appear that the drifts of the Dee basin as well as 
those of the Mersey are intimately connected with the nature of the 
strata through which the river runs, and the respective levels of its 
course. Very little of the Dee is fed from the Keuper marls, which 
accounts for the preponderance of sands and gravels in its basin— 
excepting in the lower parts of the estuary, which could be fed as 
readily from the Keuper Marls of the Mersey basin as the Mersey 
itself, as I propose to show in my concluding remarks. 


Drirt oF THE Basin or THE RiBBxeE. 

My observations of the drift of this basin are limited; but as 
Mr. C. E. De Rance gives a very full account of them in his ‘“ Super- 
ficial Geology of the Country adjoining the Coasts of South-west 
Lancashire” (Memoirs of the Geol. Survey), this is of the less import- 
ance, and my aim is, as far as possible, not to repeat what others 
have described. 

The following are from my notes :— 

A section disclosed by a side gully of the Ribble running up to 
Pinfold by Fiswick Hall showed stratified sand with beds of very fine 
gravelly sand containing very rotten shell-fragments. A bed of 
Boulder-clay lay against this bank, having a junction almost vertical ; 
but it may have occurred from a land-slip letting down an overlying 
clay. 

At Bezza Brook we see the red shaly rock at the base and many 
boulders and erratics in the bed of the brook. A section of the drift, 
about 8 feet deep, is disclosed, consisting of, first, mixed blue clay 
and gravel lying on the shale, then Boulder-clay with gravel, and 
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subaerial clay and soil capping the whole. Below the foot-bridge a 
section in the same brook shows Boulder-clay overlain by a foxy- 
brown sand. Higher up the Ribble than Bezza Brook, and on its left 
bank, where the river with a great sweep cuts into its bank, is a 
very steep section of sandy drift and clay, loose and denuded by the 
river sweeping its basc. The sand is seen to rest on the Triassic rock 
just above the level of the river. 

At Ribchester, on the right bank of the Ribble, some instructive 
sections are seen; and here we find a lower bed of a different charac- 
ter come in, gradually developing up to Mitton Bridge, where it may 
be observed in greater force. 

This lower bed, A (fig. 21), consists of rounded boulders and pebbles 
of Carboniferous sandstones and limestones overlain by a stiff brown 
clay, B; Cis alluvium. Not far from this section, on the same side 


Fig. 21.—Section in the left bank of the Ribble, near Ribchester. 
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Surface of water. 


A. Boulders and pebbles of carboniferous rocks. 
B. Stiff brown clay. C. Alluvium. 


of the river, this boulder-drift lies upon a blue Till, containing coal- 
shales. 

This Till has in it oblique bands of a brown clay; above it is a 
laminated clay, an alluvial clay capping the whole. 

On the opposite side, or left bank, we see a reddish-coloured sand 
resting upon the irregular surface of the blue Till; and at another 
part of the same cliff the blue Till is seen to rest upon curved and 
distorted shales. 

Below Whalley, on the left bank of the Calder, before it joins the 
Ribble, a cliff about 10 feet high shows ’a bed of sand and gravel 
with Carboniferous-grit boulders, and a few Carboniferous-limestone 
boulders and some of a very fine hard grit. Following the Calder, 
on the right bank above Whalley, on the road to Padiham, there is a 
sand-pit showing a face of sand 15 feet high, unbottomed. The sand 
drift contains few stones ; but bits of coal are distributed through it. 
Further on slips in the road (which follows the valley-side) show that 
drift of this nature continues for some distance. 

Near to Padiham, by Huntroyde Brook, a quarry by the road-side 
showed reddish-brown clay with a few pebbles (the general top-clay 
of the district), lying upon the Carboniferous sandstone rocks. —_- 

Returning down the Calder, at Cock Bridge (left bank), is a very 
interesting section. Here the rounded-boulder bed B (fig. 22), con- 
sisting almost entirely of Carboniferous sandstones, is capped withsand 
mixed with blue argillaceous matter, C, and it rests upon avery hard 
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compact blue Till, A, full of scratched Carboniferous-limestone boul- 
ders and pebbles. 


Fig. 22.—Section in the left bank of the Calder, near Cock Bridge. 
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A. Hard, compact blue Till. B. Boulder-bed. 
C. Sand mixed with blue clay. 


The limestone boulders are irregularly scratched ; and the stones 
are partially rounded. It precisely resembles a Till very commonly 
met with in the west of Ireland, in Galway and Clew Bays. This 
bed is remarkable as containing stones not found in the basin of the 
Calder; and it appears to have been forced up through a comparatively 
narrow gorge from the Ribble basin*. At Mitton Bridge, on both 
banks of the Ribble a rounded-boulder drift (principally limestone) 
is seen resting upon a blue limestone Till similar to that just de- 
scribed as occurring on the Calder. The whole are seen to rest on 
Carboniferous shales. 

Ascending the valley of the Ribble, we find the Drift changes to a 
more moraine-like character. At Ribble Bank a gravel-pit on the 
right of the road from Settle to Moughton contains boulders of both 
dark- and light-coloured Mountain Limestone, often fossiliferous, in- 
termixed with hard grit and some sandstones in a matrix of Macadam- 
like gravel. At the Craven Lime Company’s quarries, nearer 
Moughton, some very interesting sections were disclosed, which I 
give. Fig. 23 shows moraine-like, hard, calcareous Till standing 


Fig. 23.—Section in the Craven Lime Company’s Quarries between 
Moughton and Settle. 
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™ A. Till with boulders. B. Angular limestone gravel. 


with a vertical face. The boulders in A A, are mostly of light- 


* Since writing this, I find Mr. Tiddeman points out that there isin the gorge 
of the Calder a “roche moutonnée” well-scratched, and also considers that the 
course of the ice was up the river and southwards (Q. J.G. 8. 1872, p. 479). 
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coloured limestone (Scar limestone ?); the small ones are angular, 
the larger partially rounded. Laminated beds, B B, are of angular 
limestone gravel ; it is just like the worn Macadam off a road. It 
contains a larger proportion of dark limestone than the Till it is 
imbedded in. This limestone is fossiliferous, whereas that in the 
Till hardly contains any fossils *. 

In fig. 24, a shows white Scar limestone partially worn on the sur- 
face but not glaciated, and in steps, as shown ; 6, Tillsimilar to A in 
section fig. 23; c, laminated loamy bed; d, Silurian-grit boulder. 
These boulders of Silurian rock seem to be always at or near the 
bottom of the Till. A very large boulder of this rock was lying 
loose on the limestone. 


Fig. 24.— Another Section in the Quarries between Moughton 
and Settle. 


At the-Ribblesdale Lime and Quarry Company’s quarries at 
Moughton, just in front of the limestone Scar, the underlying Silurian 
slates are well rounded by glacial action over a space 200 yards by 
50 yards; and probably much more rock similarly affected would be 
seen if the drift were cleared away. I traced this glaciated surface 
to within 20 yards of the limestone Scar; and it may approach it 
nearer, as the Silurians arecovered with drift and quarry débris. This 
is extremely interesting as showing that the Scar has not receded 
more than 20 yards since a glacier filled Ribblesdale. 

Descending again to the lower lands nearer the sea, we find in 
walking from the bluff on the Ribble above Bezza Brook, but below 
Ribchester, towards Blackburn that the drift gets yellow and full 
of local materials from the Carboniferous sandstones. At the 
base the débris seems to be from the coal-shales. The valleys 
have very steep sloping sides; and no flats or terraces occur after 
leaving the Ribble. 

At Preston, Mr. De Rance says, the ‘“‘ Middle Sands” occupy a 
very large area of the town, one of these knolls rising to the 
surface, surrounded by the ‘“‘ Upper Boulder-clay to the north- 
west and east ;” and he enumerates many of the public buildings 
that are built on this drift. 


* At the south end of this section a second ‘‘ bench” showed that the Till 


_was 12 feet deeper than in the section before the limestone rock was reached. 
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The surface of the sands he describes as “‘ extremely undulating, 
often causing the Upper Boulder-clay to come in somewhat unex- 
pectedly,” p. 17. The long winding bluff forming the north 
margin of the Ribble valley, between Preston and Redscar, exhibits 
very fine sections of the ‘ Middle Sands.” Mr. De Rance describes 
many other sections; but they all consist in this valley of Middle 
Drift and Upper Boulder-clay, the former being in the greatest 
force; and he states that the four largest towns of the district 
are built on Middle Drift, viz. Preston, Kirkham, Chorley, and - 
Leyland. 


Remarks. 


The sections described in this basin are extremely instructive. 
If we begin and retrace the drift down tbe Ribble valley from 
Moughton in Ribblesdale, we find: it first composed almost entirely 
of local materials, the limestone vastly predominating and providing 
not only the boulders but most of the materials for the matrix ; as 
we descend this drift gets more and more mixed with Carboniferous 
sandstones and grits from the Pendle Hills and the tributary Calder, 
especially in the upper beds. The underlying blue Till still con- 
tains a preponderance of limestone rocks; but by far the most 
remarkable fact is that this Till has been forced up the gorge 
of the Calder against its drainage, as already described. As we 
near Ribchester the true low-level marine clays come in, over- 
lapping the more local drift of the Ribble valley. Below Rib- 
chester the drift becomes all marine, the yellow shelly sands being 
highly developed. The Triassic and Carboniferous sandstones have 
yielded the materials for these sands ; and the red shelly Boulder-clay 
has been laid down upon it, apparently from a sea-drift. It is also 
a noticeable fact that the included granitic boulders and the true 
sea-drift stones from the Lake district so plentifully found in all 
Low-level Boulder-clays and sands almost, if not entirely, cease above 
Mitton Bridge. 


Drirt oF THE Coast FRom BiacKkpoo. to St. BEEs. 


At Blackpool there is a well-known section of Drift exposed in 
the sea-cliff. It was deseribed by the late Mr. Binney, F.R.S., in 
1852, in the Memoirs of the Literary and Philosophical Society of 
Manchester, and since by many other geologists. 

Mr. De Rance especially has paid much attention to it. In 
August 1872 I made a very careful section of it from Bispham to 
Gynn, a distance of about 3600 yards, or just over 2 miles (fig. 25). 

Commencing at the furthest point from Blackpool, viz. Bispham, 
and working south, the beds run in the following order :—First, 
there is a red Boulder-clay, A, not very stony, which a little 
further on has intercalated in it towards the top two thin bands of 
stratified sand, B; these curving downwards join two remarkably 
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persistent and regular bands of sand, C, lying upon and concentric 
with an arch of Boulder-clay, D; curving upwards further to the 
south, the two lower bands pass concentrically over another, largcr 
arch of Boulder-clay, E, which becomes very stony. Eventually, 
after running a distance of over three quarters of a mile, the bands 
die out at F, as the arch dies into the shore. From the point 
where the intercalated beds of sand unite with the two bands lying 
en the Boulder-clay arch, the sands and gravels G set in, and 
increase in thickness ; as we go south they pass over another length 
of this lower clay, H, which disappears towards Gynn, leaving only 
the sands and gravels some 28 feet thick. The upper part of the 
cliff consists of a continuous sheet of Boulder-clay, I, of a character 
less stony than that at the base. The greatest height of the cliff is 
about 60 feet. 

It is interesting to compare this section, which I can certify as 
accurate for the time, with that given by the late Mr. Binney, F.R.S., 
20 years earlier *, Mr. Binney states that the cliff wastes away on 
the average one yard every year. If this be correct, the section 1 
have given may be taken as 20 yards further into the cliff than Bin- 
ney’s, and approximately parallel to it: yetit is very different ; for at 
Gynn, in his section, the sands and gravels have died into the shore, 
and the cliff is entirely of Boulder-clay, whereas when I saw it 
there were about 30 feet of sands and gravels. Neither have the 
sands and gravels a general dip southwards such as Binney shows. 

If, then, the sands and gravels vary so much in such a short 
distance, can we assume that they are conterminous with the sands 
and gravels of the Ribble above Preston, 15 miles off in a direct 
line, and situated in a drainage-basin of 720 square miles ? 

For the time it was written, I consider Mr. Binney’s description a 
very excellent one, though I think he would hardly, if he were 
now living, maintain that earth-movements had produced the arches 
of silt then to be seen. 

The lower clay, E, underlying the sands and gravels is harder 
than that above, standing in places vertically. It contains more 
stones; and these are stated to be (though I did not verify it) mostly 
scratched. Comparing the proportion of the various rocks composing 
them, as given by Binney, with those at Crosby as ascertained by 
myself, I find that at Crosby there are fewer Silurians and slates, 
and more granite and igneous rocks ; but the comparison, after all, 
may be fallacious in this particular. In other respects the nature 
of the stones is very similar; but if Mr. Binney was ¢éorrect in 
saying that in places the clay was one third stones, the prepon- 
derance of stones in quantity 1s very marked, as at Crosby the 
highest proportion measured by me was 1 to 1307. Mr. Binney’s 


* “ Notes on the Drift-deposits found near Blackpool,” Memoirs of the Lit. 
and Phil. Soc. of Manchester, vol. x. Session 1851-52. 

+ This is of hand-picked stones; if we include fine gravel that can be 
separated by washing, the proportion of stony material will be very much 
larger. (See Mr. Robertson’s report appended.) 


108 T. M. READE ON THE DRIFT-BEDS OF THE 


was no doubt a very rough guess ; my attention was not particularly 
drawn to this point when I examined the Blackpool section. 

The sand-and-gravel beds, G, contain most of the shells that have 
been taken out of this drift (a list is given in Part I.); the gravel 
appears to lie in lenticular patches in the sand. The shingle is, so 
far as I could see, all rolled, and contains no scratched stones. The 
upper clay contains a variety of rounded stones and pebbles and 
also striated stones ; but these latter are not in the same profusion 
as in the Boulder-clay about Liverpool. 

At Carnforth, near the station, there is a great development of 
gravel and shingle used for ballast, intermixed with which are large 
blocks of limestone. 

At Grange, in Morecambe Bay, the shore is covered with large 
glaciated limestone boulders and a few fragments of trap rocks and 
Silurian slates. The drift from which they have been washed 
out is decidedly calcareous, and is intermediate in appearance 
between that in Galway Bay, Ireland *, and the Lancashire Boulder- 
clay, inclining to the former. 

At Rampside, on the mainland, opposite to Walney Island is a 
section of Boulder-clay first described by Miss Hodgson. It is of 
a red colour, very full of large highly glaciated boulders and blocks 
in great variety—granite, syenite, slate, trap, limestone, grit, &c. ; 
one of granite measured 7 feet in diameter; they are imbedded at all 
angles. Beyond this dome of Boulder-clay, at the further end of a 
low Postglacial beach, a section of another dome appears; and 
contained in this is a not very perfectly developed arch of stratified 
sand following the contour of the surface pretty closely. 

There are not nearly so many stones in this section, though to all 
appearance it is on the same horizon. 

On the railway from Furness to St. Bees, especially as St. Bees is 
approached, there is a wonderful development of sand-and-gravel 
Drift of great depth. The railway skirts the coast; and the Drift 
appears to liein hummocks. Coulderton Cop is one of the most 
remarkable of these sand-and-gravel hillocks. 

St. Bees Cliffs (fig. 26).—Commencing at the northern extremity of 
the section, lying against and partially overlapping the Upper Permian 
sandstone, J, of St. Bees Head is a purple-red clay, K, containing very 
few stones. Over this, in the direction of St. Bees Head, stretches a 
banded arrangement of stratified red sand and gravel, L, following the 
surface-contour of the clay below, and covered with a thick bed of 
yellow sand, M, containing in places patches of gravel, M’! M’, and len- 
ticular patches of gravel under the surface-soil. At the end nearest 
to the Sea Cote Hotel, m, the sand is very full of fragments of red 
sandstone and Silurian pebbles. From this bluff stretches a low 
patch of ground containing Postglacial deposits, N, with a mound of 
sand-and-gravel Drift running through them; and at its southern end 
the cliff of Drift again commences with a bluff of gravel, O; this, 


* “ Notes on the Scenery and Geology of Ireland,” Proceedings of the 
Liverpool Geol. Soc., Session 1878-79. 
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Fig. 25.—Section in Blackpool Cliffs. (Horizontal scale 1120 fect to 1 inch. Vertical scale 112 feet to 1 inch ) 
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Fig. 26.—Section in St. Bees Cliffs, 1872. (Horizontal scale 1120 feet to 1 inch. Vertical seale 112 feet to 1 inch.) 
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again, changes southwards into sand of a red colour stratified in an 
imperfectly arched form, P ; lying upon this “ haunch ” of the arch is 
a large lenticular patch or poeket aE gravel and boulders, Q. A great 
mass of gravel, with boulders, R, at all angles, now sets in, having a 
very irregular or contorted surface ; this is succeeded by sand with 
curved laminated bands,S. The southward termination of this cliff, 
T, at the stream by Sea Mill is a confused mass of huge erratics and 
boulders thrown about at all angles. Over the whole of the 
deposits described lies a mass of irregularly stratified sand, U, 
containing patches of gravel. The highest part of the cliff is about 
70 feet above ete ae mark. 

Southward of the stream another cliff commences; the basement- 
bed is here along its whole length a red clay, V, with few stones, 
evidently the same clay as that at the north end of the section, 

Lying upon the irregularly arched surface of the clay is an 
irregular bed composed of sand and gravel, W, full of large blocks 
_ of sandstone and other rocks; and overlying this and partially 
incorporated with it is the bed of irregularly stratified sand with 
gravel bed, U. 

The total length of these sections is about 2600 yards, or nearly 
one mile and a half. 


Remarks on the Coast-Sections. 


The section at Blackpool has long been considered a typical one 
by those who think they see evidences of a division of the Drift into 
three important beds each representing a distinct condition of climate. 
My own section (fig. 25) certainly shows a clay generally of a harder 
nature than the upper bed, and containing more stones, with a greater 
proportion of them striated, and separated from the upper by a great 
development of sands and gravels, which, however, northwards, die 
into the Upper Clay in a fork-like manner. 

If we could see a section further inland, it is highly probable that 
these two clays would coalesce and shade into each other in places, 
as, indeed, is shown to be the case in Mr. Binney’s section made 
twenty years earlier. Mr. Binney himself says that his bed No. 2, 
‘‘a brownish-coloured clay containing stones and so many pieces of 
limestone as to render it unfit for the purpose of making bricks,” is 
oiten replaced by stratified beds of sand and gravel. If we confine 
ourselves to Blackpool, it may be perfectly natural to speak of a 
threefold division; but the moment we attempt to apply the same 
classification elsewhere we are met by insurmountable difficulties. 

If we are to classify by superposition, the clay at St. Bees will be 
Lower Boulder-clay ; but, unfortunately, it does not correspond in any 
other way with that of Blackpool, being nearly stoneless. Again, at 
Rampside, we have two sections side by side on the same horizon, one 
being full of glaciated stones and answering to the usual description 
of ‘‘ Lower Boulder-clay,” the other corresponding more with what 
is called “* Upper Boulder-clay ;” but in it are the arched beds of 
sand. There is no evidence whatever that one clay wraps over the 
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other. The “‘ Middle Sands and Gravels” are supposed by some 
to represent “ Interglacial,” and by others “ milder ” conditions, in 
consequence of the stones being all rounded and unglaciated. If this 
be the case, what do the sands and gravels of St. Bees represent ? 
They are even a more distinct deposit, and overlie a lower clay with 
an eroded surface: but here the conditions are reversed ; for the sands 
and gravels contain in places more and larger blocks than the 
‘“‘ Lower Boulder-clay” of Blackpool, and they are full of contortions 
and evidences of violent action of some sort. 

It is noticeable that the Blackpool Drift hes upon an extensive 
district of the Keuper marls, and Mr. Binney specially notices 
as “an interesting fact” the ‘quantity of both granular and 
fibrous gypsum and waterstone from the upper red marls of the Trias ” 
occurring in bed 4 (the lower clay). I have no doubt that the 
greater abundance of sands and gravels in the Drift here is due, the 
first to the abundance of sand-producing rocks in the uplands, and 
the second, together-with the preponderance of stones in the lower 
clay, to proximity to the mountains of Westmoreland and Cumber- 
land. It is also noticeable that in the neighbourhood of the Carboni- 
ferous hills the Boulder-clay possesses a much greater proportion of 
rocks that have come from these hills. 

At Carnforth the shingle and large blocks partake of the nature 
of the rocks of the valley in which they are situated. 

At Grange we have another striking instance of the effect of 
drainage-lines on the nature of the Boulder-clay ; for here it is 
richly calcareous, being largely made up from the Mountain-lime- 
stone rocks of the valley of the Kent. 

At Rampside the Boulder-clay overlies Permian rocks; and it is 
also far from improbable that the Keuper marls may extend from 
Fleetwood across Morecambe Bay in that direction. 

At St. Bees the lower clay has that purple hematitic colour which 
would lead to the belief that its origin has been local ; and the sands 
and gravels evidently have been formed from the detritus of the 
Permian and perhaps Carboniferous sandstones mixed with that from 
the Silurian mountains of Cumberland. 
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At Colwyn is a ballast-pit used by the Chester and Holyhead 
Railway : a very great amount of material has been taken out of it. 
T examined it in 1872 and again in 1874. In descending order is a 
bed of yellowish-white clay and shingle, from 2 to 3 feet thick ; red 
prick-clay with blue facings and containing only a few stones, about 
12 feet; gravel and shingle-ballast, about 25 feet ; yellow stratified 
sand not bottomed, tested to 20 feet deep. 

These dimensions will not by any means hold good over the whole 
area, aS by a comparison with my notes in 1872 it appears that the 
clay lies in lenticular patches interbedded or wedged in with other 
strata. Thestones of the ballast are all rolled; and among them are 
granites, most of the stones being of local Welsh rocks. 
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At Llanfairfechan, on the banks of the river, at about 100 feet 
above high-water mark, there is a section of Till, containing large 
angular, subangular, and rounded stones imbedded in a matrix of 
cream-coloured clay; some of the stones, I noticed, were faintly 
striated, and others ground flat. They appear to be all local 
felstones, porphyries, and greenstones. The river, at times, is very 
furious, having a rapid descent, and carries down large blocks of 
stone. A few years before 1874 it piled up a mass of stones against 
the railway-bridge and broke one of the cast-iron girders. On the 
top of the Till was a patch of gravel and shingle; considerably above 
this and on the western extension of a moraine-like mound is a 
gravel-pit (0, fig. 27) showing current-bedded and contorted lamina- 
tions like the gravel-pit which will be described at Bangor. The 
mound is very steep on the north and west sides. Crossing this 
gravel mound we came upon the river again, which has cut ciiffs 
(EH, fig. 27) I should judge to be about 80 feet high out of a deposit 
of current-bedded sand, gravel, and shingle which fills the valley. 
Higher up the river this deposit appears to rest upon the Till; and 
the same appears to be the case lower down (as at F, fig. 28). There 
iS an immense deposit of sand, gravel, and shingle in this valley. 
I could find no shells in any of these deposits. 


Fig. 27.—Section above Llanfairfechan. 
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At Penmaenmawr, in an excavation made to repair the sea-retain- 
ing wall of the railway, I noticed, lying upon the slate rock, a brown 
clay in which was imbedded a boulder of felspar porphyry; over this 
was a thin bed of green clay, then a bed of yellow clay. ; 

Ascending the valley at Aber, we find that the gorge where two 
streams meet is swept pretty clear of Drift; but above this there is 
a great deposit of Drift, which rises rapidly, apparently in a series of 
benches, towards the cascade, where the Drift becomes very stony, 
being mostly shingle and boulders of local rocks—porphyries, green- 
stones and felstones. All the way to the head of the valley the 
rocks are Silurian shaly slates. There are a great many greenstones 
and other boulders of great size lying on the sides of the valley, 
usually where it is denuded of Drift; but none that I saw were 
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glaciated. It is a curious fact that so few stones are glaciated in 
these upper valleys, and so many in the lowlands. The slaty rock 
of the hills on either side protrudes in great splinters and pinnacles, 
showing that if it ever had been smoothed down by ice, great denuda- 
has since taken place. The Drift in the gorge consists of clay and 
stones. It is evident that a tremendous amount of Drift has been 
removed by denudation. 

At Bangor, west of the station, the railway-cutting shows lamin- 
ated current-hedded and contorted gravels and sand lying upon the 
upturned edges of the Silurian rocks; in places at the base is packed 
angular débris, and there are some beds of laminated clayey loam in 
the gravel. These laminated clays are also to be seen in the ballast- 
pit below the station. 

At Ogwen Bank in the bed of the Ogwen are magnificent glaciated 
corrugations in the direction of the stream ; but they are disconnected, 
as if the stream had roughly quarried out some of the rock between. 
Further up the stream is an inclined flank of slate rock splendidly 
polished, with perfectly straight and parallel striations running 
across it diagonally ; and lying against this rock is a laminated con- 
torted gravel-drift containing large blocks at the base. On the 
opposite side of the stream this gravel-drift is overlain by a grey 
Drift containing angular pieces of slate and also rounded boulders, 
and over all is a cover of alluvium. 

East of Beaumaris, near the Menai Straits, is a cliff of Boulder-clay, 
of a brownish grey colour generally, containing large boulders, and 
capped with a reddish clay with pebbles from a great variety of 
rocks. The Boulder-clay contains a great many large Mountain- 
limestone blocks, some being smoothed and glaciated. Shell-frag- 
ments are also to be found, but sparsely. Beyond this section, 
towards Puffin Island, are several lower cliffs of Boulder-clay. 

On the railway by Menai Bridge station, in a cutting for a siding, 
in 1872, lying upon a shaly rock of the Carboniferous series was 
a black laminated band, then a yellow one, and over this a 
grey-coloured laminated band, all composed of fine scales of shale 
beautifully arranged in lamine. Capping it all was a Boulder-clay, 
varying in colour from brown to yellowish white and blue, evidently 
from the Carboniferous shales and clays. Near Menai Bridge, and 
on the level of the last section, was a brown clay containing large 
angular blocks of a coarse gritty sandstone (Carboniferous). 

The railway from Caernarvon to Pen-y-Croes, soon after leaving 
Caernarvon, is cut througha boulder-drift entirely composed of stones. 
At Dinas there is a cutting, about 24 feet deep, through Boulder-clay 
very full of stones; and from this place to Pen-y-Croes are frequent 
cuttings in Drift composed wholly of boulders and gravel. AS Pen-y- 
Croes are mounds of fine sandy gravel ; and a further inspection shows 
that there is a broad expanse of gravel cut up by streams into undu- 
lating outlines and mounds, filling up and spreading round the valley- 
mouth. This gravel continues across Caernarvonshire to Afon Wen. 
There must have been a vast denudation to supply all this material 
together with that which has been washed away. 
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At Brynker station a deep bed of this gravel (a, fig. 29)1s seen to rest 


Fig. 29,—Section at Brynker Station. 
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upon a clay (6), which is to all appearance true Till. It is quite evi- 
dent that the esker-like mounds of gravel have been cut out of a vast 
plateau of Drift. Moel Tryfaen, so celebrated for the marine shells first 
found by Mr. Trimmer on its summit, is a rounded mound-like plateau, 
forming a spur of Snowdon. It is evident that the Tryfaen gravels 
are but an upward extension of those on the valley. Lying on the 
slate rock of the Dorothea Quarries, Nantley valley, in 1872, I noticed 
the following section (fig. 30)—purple slaty drift (2) lying on the 
slate rock (1) in a thin patch, and over it laminated current-hedded 
eravels overlain by a coarse gravelly drift (3), the total thickness 
in the deepest part being about 45 feet. 


Fig. 30.—Section at Dorothea Quarries. 


1. Slate rock. 2. Purple slaty drift. 3. Coarse gravelly drift. 


Ascending from Pen-y-Orredd, you pass over the shoulder of 
Tryfaen ; many sinkings for new quarries were being made, which 
showed a great thickness of drift. There are no terraces on Tryfaen. 
At the Alexandra quarry, just on the summit, is a bed of current- 
bedded laminated sand and gravel containing large boulders. At 
about 12 feet from the surface I took out a glaciated stone ; the rolled 
gravel contains travelled granite and even flints. The larger stones 
appear to be local. The Drift has been described by Lyell: it lies 
upon the eroded edges of the slate rock; and from it Mr. R. D. 
Darbishire, F.G.S., collected the shells a list of which is given in the 
table, Part I. of this paper. The level is roughly 1400 feet above 
the sea. 
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In the cuttings of the railway from Bettws up the Dolwydellan 
valley, which I inspected in February 1876, while under construc- 
tion, small patches of stratified gravel are here and there intersected ; 
but, as a rule, very little drift was met with. About three quarters 
of a mile from Bettws a cutting in the slate rock disclosed a 
singularly smooth surface which had been protected by a cover of 
drift ; it was not planed down, but was in undulating dimples and 
hollows, smoothed as if ground with polishing paste. This was very 
instructive, as where the rock was unprotected by drift on the same 
shoulder, close by, without any transition, the rock was-jagged and 
irregular. 

On a rock near to the mouth of the tunnel, but not on the line of 
railway, towards the summit-level of the railway, some singular 
markings were to be seen. ‘They appeared as if gouged out at all 
angles ; I have never seen any thing like this before or since. 


Fig. 31.—Section on the Rivals Mountain. 


a. Slate rock. 6. Drift. 


In inspecting some excavations made for a sett quarry near the 
Rivals mountain, I was struck with the jagged nature of the rock 
underlying the drift (a, fig. 31), the very antithesis of that I have 
described near Bettws. The drift 6 was compact and solid argilla- 
ceous matter or Till, full of rough stones intermixed with angular 
and subangular ones: some of the stones were erratics ; but most con- 
sisted of the local felstone porphyry. 1 must bring this account of 
the Welsh drift to a close by a description of the section disclosed by 
the excavation of the puddle-wall of the Rhyl Reservoir® (fig. 32). 


Fig. 382. Rhyl Reservoir, Nant Uwydd ; section of puddle trench. 
(Horizontal and vertical scales 220 feet to 1 inch.) 


Ww Intended water vine 


Here we have :— 
A. Bed rock, Denbigh Shales, getting more slaty in structure 


towards y. The floor isquite level ; but the beds dip up the valley at 
an angle of about 12°. The sides are stepped. 
B. Fine waterworn gravel, angular and larger near the bed-rock. 
* Tam indebted to Mr. H. C. Beloe, the engineer of the works, for this in 
formation. 


Q.J.G.8. No. 154. K 
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C. Bookleaf clay, greyish brown in colour, containing a level bed of 
sand (shown by dotted line). The beds are perfectly level, containing 
no stones or gravel. The interlaminations were as if dusted with 
sand as fine as emery powder. 

D. Brown clay of very fine texture ; it contained some few glaciated 
blocks of white limestone. The top of the bed is irregular. 

E. Blue clay, powdery, full of slate fragments, some long and 
polished like a hone, most of them much striated along their longer 
axis. No limestone was found in this bed. The junction with the 
bed below is obscure; one shades into the other. Nodules were found 
in this bed. A patch of white clay with gravel occurred between the 
brown and blue clay at h. 

F, Alluvium composed of the washings of all the other beds. A 
cutting in the direction of the valley to drain the brick-croft, showed 
a rude bedding of pebbles a few feet below the surface. The brown 
clay in the brick-croft is about 7 feet below the surface; but it 
varies much in depth, and, I was informed, rested upon gravel. In 
the alluvium a good-sized oak was met with. 


Vyrnwy Water-works, Oct. 2, 1882. 


Since the preceding was written, I have had the opportunity of 
examining with Mr. G. F. Deacon, joint engineer with Mr. 
Hawksley, the trench excavated for the construction of the masonry 
dam of the Vyrnwy reservoir which is to supply Liverpool with 
water. It is not exactly in the district I am describing, as the 
watershed really contributes to the supply of the river Severn; but 
I give a description of it as helping to throw light upon the subject 
of the mountain-drift. 

The trench, when I saw it (Sept. 28 and 29), was opened out across 
the valley through the drift to the rock about a distance of 700 feet, 
or the whole way across the bottom of the valley (fig. 33). The 
trench was over 120 feet wide at the bottom—an ‘open cutting with- 
out timbering; and such an opportunity of examining a valley- 
section may never occur to me again. . : 

The river Vyrnwy is one of the affluents of the Severn; and the 
gathering-ground above the dam, about 7 miles S.E. of Bala Lake, 
contains 23,500 acres. The valley above the dam is remarkably flat- 
bottomed; for with 80 feet depth of water at the dam a lake of 1115 
acres area and 5 miles long will be formed. The bottom of the 
valley opposite the Hirnant tunnel, which is to tap the intended 
lake, is 760 feet; and the top water of the lake will be 825 feet 
above ordnance datum. 

But one of the most interesting facts made evident by the works 
is that the alluvium and Drift forming the plain of the valley lie 
in a true rock-basin ; for borings through these deposits proved that 
the rock inside what will ultimately be the lake or reservoir, is con- 
siderably below any part of the rock in the bottom of the trench. 
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Fig. 33.—Section of Trench for Masonry Hinbankment, Vyrnwy, 1882. 
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Description of Sectron (fig. 33). 
Down valley side of trench. 

1. Alluvial gravel and shingle. 

2. Gravel. 

3. Interlaminations of clay, sand, and gravel. 

4. Gravel cemented together with iron oxide. 

5. Shingle and gravel confusedly bedded. 

6. Shingle and gravel, and Tilly matter intermixed with angular, rounded, 
and well waterworn boulders of considerable size. In places it contains 
large masses of slaty rock up to 100 tons weight, torn from the valley-bed. 

6a. Similar material at side of valley. 

7. Grey Till. 

8. Blue hard Till containing angular and subangular boulders, mostly of 
the slaty rock of the valley. It is much more perfectly developed on the 
sides of the valley than in the bottom of the trench. There are, I 
believe, in this Till, as well as in Nos. 7 and 6, grits that have come from 
the mountains at the head of the valley. Some of the stones are 
scratched and striated, but not nearly so distinctly as those found in 
the Low-level marine Boulder-clays. 

The opposite side of the trench shows a somewhat different ar- 
rangement of the preceding beds, due apparently to currents, some 
of the arched beds of sand and gravel sweeping from near the 
bottom of the trench to the top. 

No. 9. Bed rock (summit of Llandeilo) ; a blue slaty rock with no proper 
cleavage; dip, measured on a plane of bedding 20 feet square, 38° N.W. 
The beds cross the bottom of the trench diagonally. Huge blocks have 
been displaced from their beds, and pushed up the plane of the bed below, 
leaving a cavity at the joint through which a man might walk. The mode 
in which the rocks have been forced out gives a jagged appearance to the 
bottom of the trench ; but the angles and asperities have been worn off, 
and there is a roche moutonnée in the middle. The striations are not 
very marked; they run magnetic N. & 8S. Mr. Deacon informs me that 
in cutting the trench at the side of the valley for the temporary diversion 
of the river a mass of rock of 300 tons weight was met with resting upon 
the rock below and imbedded in drift. yi 

Cross sections A and B (fig. 33) exhibit accurately the form of 
the rock surface at the bottom of the trench. Their direction, of 
course, corresponds with that of the valley, the beds dipping the op- 
posite way to the slope of the valley. 


Remarks on the Welsh Sections. — 

The effect of the nature of the rocks in each drainage-basin on 
the character of the drift in the same basin is quite as conspicuous 
in the examples I have quoted in Wales as it is elsewhere. The 
sands and clays of Colwyn are evidently derived from the Triassic 
rocks of the Vale of Clwyd. At Llanfairfechan and Aber the drifts, 
entirely different from that at Colwyn, are no less clearly traceable 
to the rocks of the valleys in which they respectively lie, the ar- 
rangement and size of the boulders and the character of the drift 
being also affected by the steeper gradients of the mountain-streams 
and slopes. Near the coast-level the Drift usually partakes more of 
the character recognized as marine. 


Distribution of the varius kinds of Rock-fragments throughout the 
Drift, and the Light they throw wpon tt. 


With the kind assistance of Professor Bonney I have been enabled 
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to trace with a high degree of probability several varieties of rock- 
fragments back to their places of origin. 

The Eskdale granite * is found in almost every position and at 
almost every level, from the Low-level Boulder-clay of the plains of 
Lancashire to the summit of the Moel Tryfaen in North Wales. It 
occurs both in large blocks and in rounded pebbles. It is found on 
the Macclesfield Hills and in the whole of the deposits skirting the 
coasts from Liverpool to Ulverstone, over a large part of Cheshire, 
and in the drifts skirting the coast of Wales. 

The syenite from Scale Force, Buttermere, is also of pretty general 
distribution ; I have found it in most of the localities about Liverpool, 
and in considerable blocks on the hills above Poynton and Maccles- 
field, up to 1200 feet above the sea-level at the Bow Stones. 

The Carrock-Fell syenite is a very probable identification. Ihave 
found it in several localities about Liverpool. 

There are also porphyritic felstones, probably from dykes by 
Scawfell. There is a large residuum of rocks of the Silurian 
series, which, though not individually traceable, assuredly largely 
came from the Lake district; and a remaining series of rocks, 
granites, felstones, diorites, and Old Red Sandstone, that probably 
haye come from the south of Scotland. Although it is thus seen 
that the individual identifications are only of different degrees of 
probability, the igneous and sedimentary rocks below the Carbo- 
niferous series, as a whole, are preponderatingly from the Lake 
district. The Carboniferous rocks, looking at the proportions in 
which the various members occur, and comparing them with those 
found in the Drift in the Ribble valley and the valley of the Kent, 
are unmistakably from the Carboniferous rocks forming the great 
Penine chain to the north and north-east of the actual localities in 
which the drift-specimens are found. 

Mr. Patrick Dudgeon of Cargen, Dumfries, has kindly gone over 
the rock-specimens which both Professor Bonney and I suspect 
came from the south of Scotland. He has identified eight of the speci- 
mens of grey granite as certainly from Criffel. This granite con- 
tains crystals of sphene and allanite; and he is not aware that these 
minerals occur in any other granite nearer than Aberdeenshire and 
Sutherland. The Dalbeattie granite is very similar in composition, 
as regards the proportions of hornblende, mica, and felspar it con- 
tains ; sphene crystals are also found in it, but not allanite. One of 
the specimens is of a granite found at Kirkconnel, about seven miles 
south of Dumfries. Five other specimens he considers probably to 
be Criffel. Three specimens probably came from granite-veins 
found in the district. Some of the Old Red Sandstones and Silurian 
rocks he considers very probably came from the district about Dum- 
fries; but they are more difficult to identify yt. — 


* Mr. Mackintosh was the first to trace the Eskdale and Criffel granites 
over a large area. 

+ Mr. Goodchild mentions the occurrence of 2s from Dumfriesshire 
and Kireudbrightshire in the Eden valley (Q. J. G.S. 1875, pp. 66-7) ; also of 
Carrock-Fell and Buttermere syenite (ibid. p. 81). 
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The Triassic sandstone, Keuper marls, and fibrous gypsum, as a 
rule, cannot have travelled very far; but I have one or two sand- 
stones that may have come from St. Bees. 

I have found one or two pieces of what appears to be hard chalk ; 
and there are occasional flints found in the drift, and even on the top 
of Moel Tryfaen. One flint pebble I took from the Boulder-clay in 
Sefton Park is reduced to a plane at one end; but whether this is 
the effect of grinding I cannot tell. It appears most probable that 
these have come from Antrim. 

If these identifications are correct, it will be seen that all the stones 
are confined to the basin of the Irish Sea and the river-basins 
flowing into it, excepting some stray stones that may have come 
from the Highlands of Scotland. It seems curious that such littie 
patches of granite should have yielded such a harvest of blocks ; but 
it is noticeable that the largest patch, viz. the Eskdale, has fur- 
nished the greatest quantity. Probably the reason why the granites, 
syenites, and other igneous rocks occur in a larger proportion in 
the Drift than would seem to be due to the area they cover wm situ, 
is that they naturally break out in larger blocks, and, moreover, they 
are generally found at a high level. ; 

No Shap-Fell granite has ever been found by me; nor have I ever 
heard of its being found on the west side of the Penine chain—another 
fact proving that the erratic rocks of the area under consideration 
are confined to the drainage-basin of the Irish Sea. This fact seems 
to me fatal to the idea of an ice-sheet overriding the great water- 
sheds, and points to a system of glaciers radiating from mountain- 
nuclei. The distribution of the erratics, as described, seems unac- 
countable on any theory excepting that of their being sea-borne. 


CLASSIFICATION AND CONCLUSIONS. 


It now remains to consider the bearings of the facts I have de- 
tailed, and to attempt to account for the varied and complicated 
phenomena they present. 

The first part of this paper was published in February 1874; so I 
think it will be readily conceded that whatever errors may attach 
to my views are not due to the haste with which they have been 
adopted. 

As my desire throughout has been to form my opinions from the 
facis as seen by myself, while studying the many very valuable con- 
tributions that have appeared from other observers, I have purposely 
adopted a system of natural description rather than of geological 
labelling, so that I may place my readers as nearly as possible in my 
own position. 


PRE-pDRIFT SURFACE OF THE LAND. 


I must distinguish the Pre-drift surface of the land from the Pre- 
glacial: the former is the surface form of the rocks if the drift- 
covering were removed; the latter is to a great extent a matter of 
supposition. 
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In every case, without an exception that I can remember, other 
than in the gullies presently to be described, wherever in the neigh- 
bourhood of Liverpool the covering of Boulder-clay has been re- 
moved, and the underlying rock has been of a nature capable of 
receiving and retaining such impressions, I have found it planed and 
striated. The striations are more or less in the direction of 
north-west, ranging usually from N. 40° W. to N. 15° W.* = It cer- 
tainly seems as if an immense mass of ice had moved continuously 
over the country ; and though the theory of an ice-sheet radiating 
from the mountain-districts of Cumberland presents the most feasible 
explanation, yet it is not without its difficulties; so that some local 
geologists are inclined to revert to the iceberg and field-ice theory 
for an explanation. 

The portions of the rocks that have no cover are weathered, 
eroded, and worn down to a very considerable extent. But the 
most interesting feature of which we have proof is that the surface- 
form of the Drift does not always give an indication of the surface- 
form of the rock beneath. I have already described the Preglacial 
valley of the Mersey; and it is difficult to resist the conclusion that, 
if we could lay bare the beds below the Irish Sea, we should find a 
system of river-beds ramifying and uniting into one great river dis- 
charging into the Atlantic; and it is quite possible that this may 
have discharged northwards, between Scotland and Ireland, as there 
is off the Wigtonshire coast, in the words of Captain Beechy, “‘a 
remarkable ditch, upwards of 20 miles long by about a mile only in 
width, in which the depth is from 400 to 600 feet greater than the 
general level of the bottom about it.” These facts are quite in con- 
sonance with the relations of the British Isles to the continental 
area of Europe. We are on the edge of a great plateau; and every 
valley and mountain on the western coast of Scotland, where they 
touch the sea, gives evidence by its outline that the country has 
been submerged. If we pass over to Norway the same holds good ; 
every thing points to a former and Preglacial or Glacial greater 
elevation of the country; for the gullies which I have described 
cut out of the solid Triassic rocks could have been worn down by 
naught save subaerial river-action ; and to get this a very considerably 
greater elevation must have optained. It will have been observed 
that the bottom of the buried gullies, where they have been ex- 
amined, as at the Rivington Reservoir, on the Yarrow, in the. North 
Docks and the Rhyl Reservoir, all show the action of running water, 
not that of ice. 

When I took the Liverpool Geological Society over the North- 
Dock excavations in 1876, Mr. Lyster, the engineer, drew my atten- 
tion to the remarkable evidence of water-action on some of the rocks 
at the bottom sloping towards and flanking the river. 

It has long appeared to me, from the facts I have observed, that 
the period of greatest glaciation was one of considerable elevation. 

* A list of glacial stria found in 8.W. Lancashire and in Cheshire is 


given by Mr. G. H. Morton, F.G.8., in the Proc. of Liverpool Geol. Soc. 1876- 
77, pp. 292, 293. 
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The existence of these riverine gorges in the solid rock so far below 
the present level of the sea is as certain a proof of former elevation 
as the marine beds on the top of Tryfaen are of depression. All 
the surrounding facts lend force to and consolidate that conclu— 
sion. If this be so, it is the more easy to understand the existence 
of a snowfield on what are now plains little above the level of the 
sea. 

If there ever existed this extension of ice from the mountain-centres 
(for I have observed no facts to warrant in the slightest degree 
the idea of a Scandinavian ice-sheet extending over our island), 
it must have melted back and separated into local glaciers before 
the drift-deposits I have described were laid down. During the 
progress of the great submergence it is as clear to my mind as any 
thing can be in so difficult a geological subject, that no ice-sheet 
existed in any part of Lancashire that I have examined*. 

I have studiously confined these speculations well within the 
boundary of personally ascertained facts. 


Rep Sanp AND RUBBLE DEBRIS OF THE TRIAS. 


When the underlying rock is not planed and striated, it is usually 
covered with broken rock and packed rubble, graduating into red 
or yellow sand, according to the colour of the rock beneath. In no 
case that I have seen (and I have devoted much attention to this point), 
where the sand is undisturbed, does it contain any erratic pebbles 
or stones, nothing more than a half-imbedded. boulder. In some 
cases a considerable amount of this sand is stratified and evidently 
rearranged by sea-action; and it then may contain both shell-frag- 
ments and erratic stones. In the description of the section at Bootle- 
Lane Station (Part I. p. 27), I have called this sand ‘“ Ground-mo- 
raine equivalent of the Scotch Till.” At the time it was written I 
had not seen the Scotch Till, but have since had the good fortune to 
see a section in the new Cartsdyke Dock, Greenock, of the “ Till” 
resting upon red sandstone of the Calciferous series, in which the red 
sand and rubble is interposed between the rock and the Till in a 
manner precisely similar to what occurs between our marine Boulder- 
clay and the Triassic rocks*. 

That this formation is the product of land-ice, I think is the most 
feasible supposition, though this explanation is not without its diffi- 
culties, as the same sort of beds sometimes arise from subaerial 
decay. But I cannot conceive how icebergs or field-ice alone could 
have so universally polished the rocks of our Lancashire plains, seeing 
that, if so, it must have been done on a sea-bottom covered with 
Boulder-clay, sands, or gravel. Nor have I in one single instance 
with the most careful search found any disturbance in these red 


* The late Mr. Clifton Ward has expressed views on the glaciation of the 
Lake district, with the moderate character of which I am disposed to agree. (See 
Q. J. G. S. vol. xxix. p, 422 and vol. xxxi. p. 152.) 

t This is described in my paper “On the glacial Beds of the Clyde and Forth ” 
(Proce. of Liverpoc] Geol. Soc., Session 1879-80). 
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sands traceable to any thing similar to the grounding of ice in any 
form, though they have rested on rock in immediate proximity to 
a polished surface. As a rule, the Boulder-clay rests upon the sand 
as if deposited in the most quiet manner. 


GuLLy-GRAVELS. 


The ramifications of gullies below low-water mark which I have 
described as existing in the substratum of rock beneath the Drift are 
usually filled with rolled gravels. 

This is not invariably true, as, if deep, they sometimes contain 
gravels aud sands, or, as in the case of the valley of, the Mersey at 
Widnes, clay. Tosome extent their presence may be dependent upon 
the rate of inclination of the bed of the gully. The gravels are of 
rocks similar to the stones found in the Drift. It is also not an un- 
common occurrence to find gravel and shingle resting upon the rock 
under the Boulder-clay*, or, more rarely, in patches within the lower 
clay. It is readily conceivable that, if there was any tendency to the 
accumulation of gravel on the sea-bottom, it is just at these gullies 
kept clear by the rush of fresh water down them that we should 
expect to find gravel and shingle. The invariably rolled character 
of these stones seems to point to their accumulation at or near 
‘‘between tides.” I have, however, never seen any arrangement of 
the gravels that could be distinctly described as littoral; probably 
increasing submergence brought them under the influence of other 
currents which disturbed what was originally a littoral arrangement. 

It is difficult to draw a distinct line of demarcation between these 
gravels and the Drift above, as in some sections they alternate with 
beds of sand and clay. At Hooton Station, Cheshire, there was a 
great depth of them, and also at Fidlers Ferry, near Warrington. 
And lately a boring at Halewood, about 2 of a mile from Hunts Cross 
station, and not far from my line of section of the Liverpool Extension 
Railway (fig. 6, p. 90), showed a depth of 137 feet of Drift. The 
surface-level was the 100 feet contour, the bottom bed being gravel 
8 feet thick resting on Keuper Marl unbottomed at 417 feet. 

They underlie the Boulder-clay in the bed of the Mersey in many 
cases where it has been exposed by dock-excayations, and often show 
distinct signs of current-bedding. I see no reason to infer that these 
gravels have been derived from any preexisting Boulder-clay. If 
they had been, or if the Boulder-clays were remaniés, some vestiges of 
the original Till would surely have been before this discovered. I 
have searched in vain for it. 


Low-LEvEL BovuLDER-cLAY AND SANDs. 


These represent by far the greatest bulk of the drift-deposits of 
the north-west of England. . It was to these beds that my attention 
was at first more particularly directed; andin Part I. I have described 


* The excavations of the Atlantic Docks proved that these gravels lie in stream- 
like patches on the rock (see plan of Docks, p. 86). 
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a typical section at Bootle Lane, as well as given a list of the shells 
and shell-fragments found in them by me, amounting to 44 species ; 
this list has been increased by Mr. Shone by his finds at Newton, 
Cheshire, to 56 species ; 16 species of Foraminifera were also deter- 
mined by Mr. D. Robertson of Glasgow, out of one sample of clay I 
sent him. Ostracoda also occur, and other minute reliquie of the sea*. 
My object in these preliminary investigations was to ascertain ifthere 
were any organic remains by which the drift-beds might be separated 
into geological horizons—because,if, as some maintain, two glacial and 
one interglacial period are represented in these beds, there ought to 
exist, a priori, some decided distinction in the molluscous fauna. I 
utterly failed to detect any; nor isit maintained that any subsequent 
observations have succeeded, though the observers have been many 
and zealous, and only anxious to make the discovery. 

The facies of the fauna is of a more northern character than that 
of the existing Mollusca of the British seas, the typical shell being 
Astarte borealis, which I found in almost all the localities, though 
Turritella terebra is the most abundant. 

I do not place much reliance upon the paleontological evidence in 
this case, either as determining age or climate. The Clyde laminated 
brick-clays contain an assemblage perhaps more distinctly northern 
than that of my list; yet these laminated clays can scarcely be consi- 
dered other than Postglacial, and are certainly of a date long posterior 
to the beds I am now describing. I have therefore ceased to attaca 
much value to this kind of evidence unless backed up by facts of 
another and more complete kind +. 

The most distinct and reliable signs which justify us in calling 
these beds Glacial are the numerous striated and planed erratic 
blocks, boulders, and pebbles they contain. I have made a large 
collection of these included rocks from various localities in the 
neighbourhood of Liverpool ¢. ‘ 

These various rocks occur promiscuously through all the beds of 
the Low-level Boulder-clay, their proportions: changing in different 
localities ; so that I have found it impossible to separate the beds by 
the included stones. 

In the Drift of the upper part of the Ribble valley an order of 
arrangement vertically may be made out, as I have already described, 
but never in the true sheet of Low-level Boulder-clays and sands. 
The larger blocks (say, weighing upwards of a ton) are usually fluted 
in the direction of their longer axes, and are convex in cross section. 


* And in 1882 in samples of clay sands and gravels from the North Docks 
and Atlantic Docks, described by Mr. Robertson in the Appendix. 

Tt Mr. Searles Wood has brought forward considerable evidence to prove 
that the east-coast beds are older than the west-coast deposits; but my faith in 
the inferences drawn from the contained shells is much shaken. The east-coast 
glacial deposits are much more disturbed than most of those described in this 
paper. On the other hand the erratics of the west coast are more distinctly 
planed and striated. 

+ Much valuable information on the subject is to be found in Mr. Mackin- 
tosh’s paper “ On the Limits of Dispersion of the Hrratic Blocks of the West of 
England,” Quart. Journ. Geol. Soc., 1879, pp. 425-455. 


=< ~ 
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Smaller boulders. are often ground to a perfectly true plane, and 
sometimes without striations. In others the stone presents several 
distinct planes or facets with striations meeting in a herring-bone 
fashion ; others are irregular in form and indefinitely scratched all 
over as if bumped about, or rolled over, under ice. Sometimes boul- 
ders occur aggregated in nests or pockets in the clay. 

It is quite evident that these stones have never been disturbed 
since they were dropped in the mud of a glacial sea *. 

The proportion of the contained stones to the bulk of the deposit 
varies very considerably. Some of the clays are decidedly stony; and 
others consist of a great mass of unctuous clay with very few stones, 
but with a large percentage of fine gravel intimately intermixed with 
it. Probably half of the stones taken out of the clays in the neigh- 
bourhood of Liverpool used for brick-making are more less scratched ; 
and it is worthy of remark that by far the larger proportion of the ex- 
amples I have collected of specially well glaciated stones are Silurian 
grits or other old rocks from the mountain-districts. Butin beds of 
gravel and sand the stones are usuallyrounded. This, however, can 
hardly be an evidence of an interglacial climate; for we findin many 
cases, as I have detailed, thatthe lower and harder bedsofthe clay often, 
nay, generally contain more rolled stones than the upper or middle. 
Such is the case at Dawpool; and itwas so in the Atlantic Docks, Liver- 
pool. At Blackpool, on the contrary, according to Binney, the lower 
and harder beds contain the greatest number of striated stones. 

It is therefore clear that these distinctions cannot indicate climatic 
differences. 

And if this be admitted, can we on these grounds consider the 
lower bed of Boulder-clay as a geological subdivision? The true ex- 
planation seems to be that these stones have been rolled on the beach 
before being finally deposited on the muddy bottom of the Glacial sea. 
When beds consist solely of gravel, boulders, and shingle, that, in itself, 
is a proof that either tidal currents or shore-conditions have prevailed 
in the places where they have. been laid down, or that they have 
been at a depth no greater than where the wind waves can act upon 
and move them. ; 

The absence of stones in some of the sand, as in the section de- 
scribed by Mr. Shone, near Chester, it appears to me, can be accounted 
for in this manner. Beds of clay must necessarily be very slow 
accumulations. Bedsofsand, on the contrary, within reach of the tide 
are constantly moving ; as an illustration, the banks and chanuels in 
the estuary of the Mersey are constantly being surveyed and the chan- 
ges marked by buoys by the marine surveyors. 

Hundreds of thousands of tons will be shifted by a single gale. 
If there were floating ice conveying stones and depositing these in the 
estuary now, what would be the effect? They would be sorted by 
the currents, we should have shingle in one place, sand only inanother, 


* Dr. James Geikie has expressed the opinion that these deposits are sea- 
bottoms ploughed up by land-ice (“The Intercrossing of Erratics,” reprint from 
the ‘Scottish Naturalist’). 
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and in some sands and gravels. It must not be lost sight of that, 
during the submergence and emergence of the land, every river- 
valley at every point has been at one time or other an estuary. To 
expect under these circumstances all beds to be similar would be to 
expect that which could never happen. Sand is found in pockets in 
the Boulder-clay as well as in horizontal beds ; and these often assume 
very curious shapes ; they also seldom contain stones, though the clay 
surrounding them does. 

The sands and gravels at St. Bees which are in great force are 
distinguished by contorted bedding, confused aggregation, and the 
great number of included blocks and boulders. The shingle, gravel, 
and sands are intruded or folded into each other. The underlying 
clay is peculiarly free from stones. If we found geological subdivi- 
sions on such grounds, what are we to do with these beds? No one 
has even suggested an explanation. 

As assisting to explain these Low-level Boulder-clays and sand beds 
so puzzling to observers, I may here state that I have not seen in 
the whole series one single example of well-defined shore-conditions. 
No continuous section of any length ever displayed the horizontality 
distinguishing most littoral deposits. They are all more or less arched, 
as my sections show ; this is especially remarkable where continuous 
thin beds of sand like that near Farnworth extend for a long distance. 
I infer from this circumstance, as well as from certain collateral pecu- 
liarities already described, that the beds from base to summit sub- 
stantially represent a sea-bottom, the conditions of depth altering 
as the land slowly subsided or reemerged. 

It is the circumstance that the beds represent conditions that are 
not within our ken, as littoral deposits are, that has, I believe, led 
to so much confusion. 

In a paper “ On Tidal Action as a Geological cause” (Proc. of 
Liverpool Geol. Soc., 1873-74), a collateral investigation I felt it 
incumbent on me to make before I could properly attack the problem 
presented by the Glacial beds, I have shown that the tide-wave, 
unlike the wind-wave, acts at the greatest depths ; and among other 
examples I have quoted that of the excavation or keeping open of the 
“ditch” before referred to opposite the coast of Kircudbrightshire. 
Other examples of almost equal force could be given. My conclusions 
are that the long continuous beds, to some extent arched, are the 
effects of tidal arrangement below low water; the horizontal lami- 
nations of the clay occasionally met with I attribute to the same 
cause, and the short arched book-leaf laminations also. 

I have shown in Part I. that the shell-fragments found distributed 
through the clay are, as a rule, only of such a size as a moderate 
current could convey. The much-contorted and cross-laminated beds 
of which the St. Bees sands and gravels are the best examples, | am 
of opinion were laid down partly above and partly below low water, 
like our estuary sandbanks within reach of the wind-waves. 

It is also quite evident that as the depth of the sea changed the 
direction of the tidal currents would change also. Thus what was 
a hollow in clay might become filled with sand, which, again, might 
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have clay laid upon it as the bottom further subsided. Or in the direc- 
tion of the greatest rush of the tide shingle might form, as is the case 
now in places in the bed of the Irish Sea and English Channel*. 

Bearing these facts in view, let us see if we can apply them to an 
explanation of the peculiarities of the deposits I have detailed. 
The first-formed deposits were undoubtedly the gully gravels and 
sands ; the next were the beds of gravel, current-bedded, lying at 
the base of the Boulder-clay. As the land further subsided the 
lower clay began to form, and with it became mixed the red sand 
washed from the previously degraded Triassic rocks—the mixture of 
materials being calculated to form a hard, short, red clay. On still 
greater subsidence these clays would be brought within the reach 
of cross tidal currents, creating those lines of erosion often mis- 
taken for lines of unconformity representing geological subdivisions ; 
and on this a greater or less bed of sand might or might not be 
deposited. The deposition of more plastic clays would then set in; 
but there might be intermediate beds of sand still laid down. Ata 
certain depth of iminersion the deposits would reach their maximum, 
one element being the extent and nature of the land still unsub- 
merged. But while this submergence was still going on, part of the 
deposits would be washed in by the sea landwards, to be again 
redistributed as they came successively under the influence of the 
waves and tide. When the submergence reached its extreme 
limit the amount of sediment contributed by the land to the ocean 
would reach a minimum. As the land rose again out of the waters, 
something of a similar kind would happen in inverse order, only the 
rivers would reexcavate the drift which had been deposited in 
them. 

I have already pointed out that the character of each basin is 
influenced most profoundly by the nature of the rocks within it, so 
that in different areas or basins diverse beds will mark the same 
stages of submergence. If I have succeeded in establishing this 
point, it follows as anatural consequence that the bulk of the drift- 
deposits of these low-level plains have been formed when the seas 
were comparatively shallow, probably at depths of from 100 to 
300 feet. The shallower the sea the more local the deposits ; for 
as the water-partings of the basins became submerged the nature 
of the deposits would to a larger extent be due to the mechanical 
distribution of the tides and waves. 

It would occupy too much time to attempt to explain each bed on 
these principles; but I am fully satisfied they are susceptible of it. 
If my explanation be correct, it is evident that the successions of 
beds are local phenomena, and that no geological subdivisions can 
be founded upon them. 


MovunNTAIN- AND Hiti-Drirr. 
I have before remarked that the distinguishing feature of our 


* «Tidal Action as a Geological Cause,” Proc. of Liverpool Geol. Soc., Session 
1873-74. 
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mountain scenery, as relates to our present subject, is, as compared 
with the plains, the absence of Drift. This, perhaps, seems what we 
might naturally expect from the Postglacial denudation which it 
has since undergone. But in the region of lakes we find lakes 
still; and one would expect that if much material had ever existed 
in the drainage-basins in the form of Drift, it would in travelling 
down streams be caught in the lakes; and hence we might expect 
them to be now filled up. There are no means of estimating the 
actual amount of materialthat has thus been entrapped ; a series of 
borings would be required to do this. But I would point out that 
the whole of the material brought down is not deposited in the 
lake ; on the contrary, we find the shores of lakes pretty generally 
formed of shingle and gravel. The wind-waves must move this ; 
and doubtless in most cases there is a general progression of materials 
along the shore, and eventually down stream from the outlet. This 
may account for some of the material; and the generally limited 
area of the drainage-basins in mountain-districts will also tend to 
explain the absence of great quantities of Drift. It will be seen, 
and it is in accordance with the theory here put forth, that the 
larger the drainage-basin in which the Drift lies the greater is its 
quantity. In this way it is that the plains of Lancashire are so 
drift-covered, while the hilly tracts are to a large extent driftless. 
The Drift met with in the mountain-valleys I have described is 
usually either true Till or boulder- and gravel-drift, when found 
together, the latter usually overlying the former. The Till most 
probably has been formed under or in front of the local glaciers 
during their recession. 

That the ice lingered longer about the mountains than elsewhere 
is proved hy the iceberg-borne erratics of the Lancashire Boulder- 
clay. Consequently, while the Drift of the plains was being formed, 
the greater part, if not the whole, of the materials denuded from the 
mountains and valleys was pushed forwards by the glaciers and 
protruded into the sea. I have shown how at the Atlantic Docks 
the majority of the large erratic stones, deeply grooved and worn, 
are in the upper bed of plastic clay. The boulders in the lower 
beds are more frequently rounded. This fact corresponds with what 
would happen under the sequence of events the theory assumes. The 
larger stones would not be conveyed away until there was depth of 
water sufficient for the flotation of the iceberg. 

But I have shown that an enormous amount of material has 
come down from the Welsh mountains in the form of boulders and 
shingle, which is distributed on the plains into which these valleys 
debouch ; and it is extremely probable that much of it has been 
moved to its present position during and since the emergence of the 
land from the sea. 


ConcLUsIon 


I fear that ‘my views will not appeal to the imagination in so 
lively a fashion as do some at present in vogue; but of this I am 
sure, I have been animated by the sole desire of seeing things as 
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they are. Complicated and inexplicable as the features of glacial 
geology are when viewed separately, I have attempted to show that 
there are recognizable features in common, running through all, that 
point to geological agents in the past not very dissimilar to those 
we now witness. Then as now, but from a more limited area pro- 
portionally to the amount of submergence, the Thames, the Mersey, 
and the Severn, and innumerable other streams and rivers, brought 
down their quota of material to the beds then forming at the 
bottom of the sea. 


APPENDIX. 


Report on the Sands and Gravels'and Boulder-clays and the top 
Silt, at the Dock F of the Atlantic Docks, Liverpool. By Davin 
Rozertson, Hsq., LS. PGS. 


No. 1. Sand- and gravel-bed at the bottom of the section is the 
most puzzling of the whole, as it contains a few freshwater Ostra- 
coda and numerous fragments of what appear to be marine shells, 
but so small and waterworn that no character is left by which they 
can be satisfactorily identified ; yet, from various peculiarities of the 
fragments, I have little or no doubt that they are marine. It is, 
however, singular that no Foraminifera were detected in it, or- 
ganisms that are in most cases present in marine deposits, even 
where no other animal remains are to be seen. 

The material consists, in round numbers, of 70 per cent. of fine 
sand, with very little mud, and 30 per cent. of gravel. Many of 
the pieces are distinctly striated and well rounded and polished. 

No. 2. The reddish-brown clay of this parcel consists of 60 per 
cent. of fine mud, 32 sand, and 8 of gravel; about one half of both 
sand and gravel is more or less angular; the other half is well 
rounded, and one piece in particular finely striated. Shell-frag- 
merits are numerous, but all so small and imperfect that they 
cannot be identified. The following are the Foraminifera :— 


Biloculina ringens, Lamk. Lagena melo, D’ Orb. 
Triloculina oblonga, Mon‘. Polymorphina communis, D’ Ord. 
Quingueloculina seminulum, Linn. Bulimina pupoides, D’ Orb, 
Lagena sulcata, W. § J. Cassidulina crassa, D’ Ord. 
marginata, W. & J. Truncatulina lobatula, Walker. 
—— globosa, Mont. Polystomella striato-punctata. 
—— squamosa, Mout. F.§ M. 
hexagona, Will. Nonionina depressula, W. & J. 


It is unusual to find so many Foraminifera and no Ostracoda or 
other marine animal remains. 

No. 3. Red muddy sand much waterworn. The organic remains 
are represented by very small chips of shells, a fragment of a star- 
fish, and one Foraminifer (Nonionma depressula). 

No. 4. Red clay, consisting of 58 per cent. of fine mud, 20 of 
sand, and 22 of gravel. No satisfactory striations were detected on 
any of the pieces, which were mostly small and waterworn. Shell- 
fragments moderately common. It is rather remarkable that these 
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shell-fragments are all angular, having no appearance of rolling or 
rubbing, while the gravel has suffered considerably from abrasion. 


FORAMINIFERA. 
Cornuspira foliacea, Phil. Bulimina pupoides, D’ Orb. 
Quinqueloculina seminulum, Zin. marginata, D’ Orb. 
subrotunda, Mont. Discorbina rosacea, D’ Orb. 
Lagena globosa, Mont. globularis, D’ Ord. 
sulcata, W. & J. Planorbulina mediterranensis, 
— Williamsonii, Alcock. D Orb. 
gracillima, Seguenza. ’ Truncatulina lobatula, Walker. 
squamosa, Mont. Rotalia Beccarii, Linn. 
Polymorphina gibba, D’ Ord. Polystomella striato-punctata, 
lactea, W.§- J. F.g M. 
— oblonga, Will. Nonionina asterizans, Ff M. 
Textularia pygmeza, D’ Orb. depressula, W. g J. 
ZOoPHyta. 


Eudendrium ramosum., 


SPATANGIDA. 
Spines and plates. 


Mo.uusca. 
Shell-fragments. 


No. 5. Silt (Postglacial) consisting of fine sandy mud free from 
gravel. Fragments and valves of shells common. The following 
is a list of the various organisms found in the bed :— 


PLANTs. 
A few seeds. 


FoRAMINIFERA. 
Cornuspira foliacea, Phil. | Nodosaria pyrula, D’ Ord. 
Biloculina depressula, D’ Orb. Polymorphina oblonga, Wail. 
carinata, D’ Ord. — communis, Will. 
Triloculina oblonga, Mont. Globigerina bulloides, D’ Orb, 
Quinqueloculina Candeiana, D’'Orb. | Bulimina pupoides, D’Ord. 
seminulum, L722. Discorbina rosacea, D’ Ord. 
bicornis, W. & J. Planorbulina mediterranensis, 
subrotunda, Mont. D Orb. 
Trochammina inflata, Mont. Truncatulina lobatula, Walker. 
Lagena levis, Mont. refulgens, Mont. 
gracillima, Sequenza. Rotalia Beccarii, Linn. 
suleata, W. & J. nitida, Will. 
interrupta, Wil. Polystomella crispa, Linn. 
globosa, Mont. striato-punctata, Ff. f M. 
lucida, Will. Nonionina asterizans, F’, ¢ 
hexagona, Wail. stelligera, D’ Orb, 
melo, D’ Orb. 
ECHINODERMATA. 
Ophiuroidea. 


Spines, sma]l and imperfect. 


Echinoidea. 


Spines, fragmentary. Pedicellaria, fragment. 
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Spatangide. 
Spines common. 


Thyonide. 
Spicules rare. 


ANNELIDA. 


Pectinaria, sp. ?, fragments. 


CRUSTACEA. 
Ostracoda. . 

Cythere lutea, Mii/ler. Loxoconcha multifora, Norman. 
albo-maculata, Baird. pusilla, Brady & Robertson. 
pellucida, Baird. Cytherura cellulosa, Norman. 
porcellanea, Baird. clathrata, G. O. Sars, 
castanea, G. O. Sars. —— striata, G. O. Sars. 
tenera, Brady. angulata, Brady. 

Robertsoni, Brady. — cuneata, Brady, 

—— pulchella, Brady. Cytheropteron latissimum, Norman. 
tuberculata, G. O. Sars. nodosum, Brady. 

—— villosa, G. O. Sars. Cytherideis subulata, Brady. 
concinna, Jones. Selerochilus contortus, Norman. 
badia, Norman. Paradoxostoma variabile, Baird. 

Cytheridea elongata, Brady. flexuosum, Brady. 

Loxoconcha impressa, Baird. arcuatum, Brady. 

CrrRIPEDIA. 
Balanus crenatus, Brug. | Balanus balanoides, Linn. 
Ponyzoa. 
Crisia eburnea, Linn. : Scrupocellaria scabra, Van Ben,, var. 


elongata, Smith. 


INSECTA. - 
Elytra. 
Mo.uuvsca. 
Conchifera. 
Anomia ephippium, Linn. Donax vittatus, Da Costa, mode- 
Mytilus edulis, Linn., fry and rately rare. 
small pearl. Venus gallina, Linn. 
Nucula tenuis, Mont. Tellina balthica, Linn. 
Montacuta bidentata, Mont. Mactra subtruncata, Da Costa, 
Cyamium minutum, Fabr. small valves. 
Cardium edule, Linn. Corbula gibba, Oliv, a valve. 


Pholas sp., a small fragment. 
Gasteropoda. 


Hydrobia ulve, Penn., var. sub- Aclis supranitida, S. Wood. 
umbilicata, Jeffreys, common, Utriculus obtusus, Monz.,one example. 


Seeing that the species that prevail most in No. 5, Silt-bed, 
Hydrobia ulve and Tellina balthica, are generally found most 
abundantly in muddy estuarine flats, there can be little doubt that 
the deposit partakes much of that character. 

Tre other Invertebrates in the bed do not disagree with such 
Q.J.G.S. No. 154. ii 
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conclusions. Although not peculiar to such conditions, they are 
frequently met with in situations more or less brackish *. 

The Boulder-clays differ from our Scottish Boulder-clay (Till) by 
being fossiliferous and intercalated with fossiliferous beds of sand 
and gravel. 

A fossiliferous section of Boulder-clay that I examined at Knock- 
burn, near Belfast, was much like that at Bootle, being fossiliferous 
and intercalated with beds of various composition. 


EXPLANATION OF PLATE V. 


Map of the Basin of the River Mersey, and of part of that of the Dee, to show 
the relation between the Drift and the Rock-structure of the Basins. 


Discussion. 


The Cuarrman (Dr. J. Gwyn Jeffreys) said that having examined 
probably all the Post-tertiary shells which had been recorded from 
the extensive district under consideration, he had come to the con- 
clusion that none of them were Arctic, but that nearly all were 
local, with a remarkable admixture of both northern and southern 
forms. The most peculiarly northern species is Astarte borealis, 
which is not now found living further south than Kiel Bay. The 
Foraminifera noticed in the paper are all local. 

Prof. Prestwicw asked how river-action could have taken place 
during the great submergence supposed by the author. He re- 
marked on the great value of the evidence which the sections in 
this paper afforded of the excavation of many river-valleys in 
pyeglacial times, and thus of the higher position of the land. 

Mr. Baverman remarked on the value of the work done by Mr. 
Mellard Reade in watching excavations going on during many years 
—excavations which would soon be filled in or obscured. He re- 
marked that the fragment of chalk exhibited was more like the 
Antrim than the English chalk. . 

Prof. Bory Dawxins said that fragments of chalk undistinguish- 
able from that of Antrim are found in Lancashire and as far to the 
south-east as Ironbridge on the banks of the Severn. 

The AurHor thought that the non-arctic character of the boulder- 
clay shells was accounted for by the fact that the severest cold had 
passed away when they were deposited. At Widnes the river-valley 
was excavated 140 feet below the present sea-level. 


* This silt is probably the equivalent of the beds underlying the great peat- 
bed, which the author has named the Formby and Leasowe marine bed. See ‘ Post- 
glacial Geology of Lancashire,” Proc. of Liverpool Geol. Soc., Session 1871-72. 
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9. On Guneric Cuaracters in the Orper Savropreryeis. By 
Prof. Owen, O.B., F.B.S., F.G.S., &. (Read December 20, 
1882.) 


Tue progress of knowledge of the species of Reptilia associated by 
De la Beche under the collective name Enaliosauria, led to the sub- 
division of that maritime group into the orders Ichthyopterygia and 
Sauropterygia*, these terms being significative of their characters 
of resemblance respectively to Fishes and to Saurians. 

Large accessions of species have since been made known in both 
orders. With regard to the first, I have not deemed the modifica- 
tions in the dentition, in the shape and structure of the sterno- 
coraco-scapular frame, in those of the fins, or the gradations of 
general bulk, sufficient, as satisfactory characters, for generic sub- 
division. 

In the Sauropterygia, besides gradations of size, ranging, for ex- 
ample, from Plesiosaurus Hawkinsti to Ples. Cramptont, there is a 
difference in the proportional length of the neck and number of its 
vertebre relating to the size of the head it supports. In Plesio- 
saurus homalospondylus, for example, the cervical vertebrae are 
thirty-eight in number; in Ples. rostratus they are twenty-four 
This character alone would not have obtained a generic separation : 
but a shortening of the neck, due not only to decreasing number 
but to altered proportions of the cervical vertebre, when associated 
with a well-marked modification of the teeth, of the sterno-coraco- 
scapular frame, and of the paddle-bones, called for a separation of 
the Sauropterygia into Plescosaurus proper and a distinct genus, for 
which the name Pliosawrus was proposed‘, indicative of the nearer 
approach which its species made to a generalized Saurian type. 

In the Crocodilia, for example, .a common character of the teeth 
is to have the usually simple conical crown, whether: finely ridged 
or not, provided with a pair of enamel-ridges stronger than the rest, 
and placed on opposite sides of the crown. 

In the genus Plesiosaurus the coronal ridges of the teeth are uni- 
form or subequal, and the transverse section of the crown is circular . 
or subcircular?. 

In the genus Pliosaurus, besides the shortness of the neck con- 
comitant with hugeness of the head, a step towards the fresh-water 
Saurians is made by the presence of a pair of coronal ridges, longer 
and rather stronger than the rest, and rendered the more distinct by 
the characters of the parts of the tooth-crown so defined; the shorter 
enamel-ridges being limited to one division, and this portion moreover 


* Owen’s ‘Paleontology,’ 8vo, 1860, pp. 198, 209. 
+t “Report on British Fossil Reptilia,” part ii. in ‘ Reports of the British 
Association for the Advancement of Science,’ 1841. 
t “Monograph on the Sauropterygia,” volume of the Palzontographical 
Society, issued 1865, pl, ix. figs. 3-9. 
L2 
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being strongly convex; while the opposite portion is but slightly 
convex and is unridged. A single tooth, like some other fossilizable 
parts, serves unequivocally to indicate its belonging to a Pliosaur*. 

I will not dwell on the distinctive characters manifested by the 
fin-skeletony, but proceed to detail those shown by the sterno- 


Fig. 1.—Diagram of Sterno-coraco-scapular mass in Plesiosaurus. 
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coraco-scapular frame, premising a more detailed description of the 
characters of that part of the skeleton of Plesiosawrus than has else- 
where, so far as I can find, been given. 

In Sauropterygia the place and function of a sternum are mainly 
supplied by the pair of coracoids (figs. 1 & 2, 52) which meet and 


* Id. ib. issued 1861, pl. vii., and 1862, pl. xii. 
t Id. ib. issued 1862, pp. 9-11, pl. iv. 
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join by a longitudinally extended suture (7b. 2b., s,s) below the 
thoracic part of the abdominal cavity. Posteriorly to (‘ sacrad of’) ’ 
this mesial suture, the coracoids diverge and terminate freely by a 
broad margin, each with an angle (7. 7b. 52’) inclining “ laterad.” 
Anteriorly (“ atlantally ”) the sutural portions slightly diverge (2. 


Fig. 2.—Diagram of Sterno-coraco-scapular mass in Pliosaurus. 


ib. 52') and expose the hinder (“sacral”) end (7b. ib., ms) of the 
mesial plate, 59, representing an episternum. Laterally, each cora- 
coid contracts in length, becomes thickened, and presents two syn- 
desmotic or roughened articular surfaces: the hinder one (2d. 2b. h’) 
contributes the corresponding portion of the articular cavity for the 
humerus, the fore one joins the scapula (7, ib., 51) by the suture, 
ch, laterad of which the scapula contributes the fore portion, h, of 


Cy 
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the glenoid cavity. In Plesicsaurus the hinder end of the scapula, 
which is the thickest part of the bone, is thus divided pretty equally 
between its coracoidal (ch) and humeral (fh) articular surfaces, both 
being rough or “‘ syndesmosal.” In advance of the surfaces h, ch, 
the scapula thins and contracts, chiefly by a strong margino-mesial 
concavity, contributing the outer border of the “ coraco-seapular 
vacuity ” (2b. 7b., cs). The outer or lateral and thicker border of 
the scapula is nearly straight ; and the bone extending forward and 
slightly mesiad, expands to unite with the episternum, 59, by the 
suture, sh. 

The episternum, 59, presents anteriorly a mesial notch, from each 
angle of which the bone extends outward and backward to its 
sutural union, sh, with the fore end of the scapula. At this union 
the episternum contracts, and is continued backward to join the 
coracoids, passing a short way internal to (“‘ centrad” of ) them, and 
appearing outwardly as a terminally pointed portion, ms, at the fore 
part of the narrow mesial interspace of the coracoids, 52*, which 
interspace interrupts anteriorly their extensive mesial suture with 
each other. 

Thus the sterno-coraco-scapular frame, or mass, presents an 
anterior and a posterior emargination and a pair of subcircular 
vacuities. The above-defined characters of this portion of the 
skeleton, save that of the scapular element, are common moreover 
to both the generic groups of the Sauropterygia. 

The chief and suggestive modification of the mass in the Plio- 
saurlan genus is the retention of a typical character of the scapula 
which is lost in the more modified or specialized Plesiosaurian 
forms, viz. the production of the part of the blade-bone (fig. 2, 51*), 
laterad and dorsad, where it terminates freely 7. This portion re- 
presents the main body of the scapula in the higher Vertebrates, 
but, as in the “ Allantoic group” (Reptilia and Aves)t, without 
expanding. 

The portion of the scapula, 51, common to both genera, which 
contributes its share (figs. 1 & 2, h) to the glenoid cavity, is separated 
in Plidsaurus from the free portion, 51*, by the notch, n. In ad- 
vance of this the Pliosaurian differs from the Plesiosaurian scapula 
by its greater relative breadth, extending its sutural border, sh, 
mesiad, so as to touch or join the fore end of the coracoid, 52*. 

The coracoids retain their large proportional size, but have a less 
even or flattened outer surface ; mesially they bulge to their common 
suture, s, giving more room to the ventral or visceral cavity ; and, at 
the transverse margin parallel with the hind border which they con- 
tribute to the vacuities, cs, cs, they bend dorsad, suddenly contract, 


+ This character I added to the generalized illustration of the Sauroptery- 
gian skeleton in my ‘ Palzontology,’ p. 227, fig. 71. 

t “In their generation and development modern Batrachians differ from 
other cold-blooded air-breathers and agree with fishes. Birds, by genetic and 
developmental characters, as well as by the general plan of their organization, 
are more intimately and naturally allied to the oviparous Saurians than to the 
viviparous Mammals.”—Anaz. of Vertebrates, vol. i. 1866, pp. 6 and 7. 
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52, but contribute, as in Pleszosaurus, the mesial border of those 
vacuities, and articulate, underlapping it, with the hinder end of 
the episternum, 59. The proportional characters of this element are 
given in figs. 1 & 2. 

In thus determining the homologies of the constituents of the 
complex bony buckler in Sauropterygia, 1 have exhausted every 
subject of comparison at my command, derivable from fossil remains 
of the group and from other Reptilian forms both fossil and recent, 
and in the latter have had recourse to modes and stages of develop- 
ment of the constituents of the answerable part cf the frame. 

The degree in which the abdominal surface is defended by bone 
in Sauropterygia resembles that in Chelonia. But the homology of 
the defensive parts can be safely predicated of but a small pro- 
portion only of the elements of the plastron. The episternum 
(figs. 1 & 2, 59) may answer to three of the Chelonian elements, viz. 
to the pair of bones so named, and marked es in fig. 3, and 
to the mesial piece, s, continued backward in a pointed form, and 
called “ entosternum.” But such constituents have coalesced into 
one bone in Sauropterygia, and I have no evidence, as in Chelonia*, 
of its development from several centres. 

One might be tempted by the size and shape of the parial elements 
of the plastron, As (hyosternals), in the immature tortoise (fig. 3), 


Fig. 3.—Development of Plastron, young Tortoise. 


to regard the broad coracoids, 52, in figs. 1 & Z%, as homologues, espe- 
cially in the Chelonian half-developed state, when the fore and 
outer angle is produced in direction and degree like the scapular 
process, 51*, in Pliosawrus. But the process in the plastron of the 
Tortoise expands as it grows, and ultimately articulates with the 
dermo-marginal pieces of the carapace ; it is, like them, a ‘‘ dermal 


_™* “On the Development and Homologies of the Carapace and Plastron of 
the Chelonia ” (Philosophical Transactions, 1849). 
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bone.” The true homology of the constituents of the sterno-coraco- 
scapular frame is yielded by the endo-skeleton of Chelonia, in which 
the true coracoid is the largest and broadest of the elements of the 
shoulder-arch, the mesial margins almost meeting beneath the fore 
part of the thoracic-abdominal cavity. 

Recailing the impression made on the mind of Cuvier * by the 
first account of the Plesiosaurus dolichodeirus, we can appreciate 
the advantage and reward of continued researches, in the blotting- 
out of seeming anomalies, and in the addition of features of affinity 
linking on the strange extinct form (brought to light by Conybeare) 
to the general Reptilian type, and diminishing the intervals which 
seemed to exist in the series. 

The few and short cervical vertebre in Pliosaurus manifest, with 
these Ichthyosaurian proportions, by their amphiccelian, almost 
flattened, articular surfaces, characters of contemporary Crocodilia, 
of which Reptiles we ure also reminded by the short and thick 
neck, the large head, and the powerful jaws of the later-found 
Sauropterygian genus, The teeth, moreover, are now implanted in 
distinct sockets ; and the blade-bone resumes its normal character. 

It is interesting to note that the species tending to diminish the 
interval that seemed to separate Conybeare’s Plesiosaurus from the 
typical Reptilia have been hitherto obtained from Mesozoic deposits 
less ancient than the Lias. All my evidences of Pliosaurus have 
been derived from Kimmeridgian and Portlandian beds. 

A third generic modification of the Sauropterygia is indicated by 
teeth and a portion of the skull from a part of the Cretaceous series ; 
but I wait for further acquisition of its remains before submitting 
to the Society the differential characters of the genus Polyptychodon. 


Discussion. 


The PresrpEnt stated that great differences of opinion existed as 
to the form of the scapular arch in Plesiosaurus. He himself believed 
that there is evidence that in Pliosaurus there was a dorsal pro- 
longation of the scapula similar to that found in the higher ver- 
tebrates. 


* “ Cest par cet habitant de l’ancien monde, peut-étre le plus héteroclite, et 
celui de tous qui paroit le plus mériter le nom de monstre, que je terminerai 
cette histoire des animaux perdus.”—Ossem. Foss. tom. v. pt. 2, p. 476, 1824. 
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10. On the Exasriciry and SrreneTH-constants of JAPANESE Rocks. 
By Tuomas Gray, Esq., B.Sc., F.R.S.E., and Prof. Jonn Mite, 
F.G.S. (Read November 2, 1881.) 


(Abridged.) 


Tu1s paper contains a description of experiments made for the 
purpose of determining the different moduli of elasticity, and the 
strength against rupture and crushing of some of the more common 
Japanese rocks. One main object of the experiments was to obtain 
data for the calculation of the theoretical velocity of propagation of 
_ earthquake-waves, and by comparison of this velocity with the results 
of observation, to gain some idea of the degree of continuity in the 
strata. 

The experiments on the moduli and the rupturing strength were 
performed on round columns of the rock about 4 centimetres in 
diameter and 60 centimetres long; those on strength against 
crushing were for the most part made on round columns 4 centi- 
metres in diameter and 12 centimetres long. 

The Young’s modulus of elasticity was calculated from the results 
of experiments on cross bending, the columns being supported at 
both ends. 

The modulus of rigidity was calculated from the results of 
experiments on the torsion produced by the application of measured 
twisting motives. 

The bulk-modulus was calculated from the known relation between 
it and the Young’s and rigidity-moduli. 

The modulus of rupture was found by observing the load required 
to rupture the column by cross bending. . 

The experiments on crushing were performed by means of a 
Bramah’s press, the pressure being estimated by means of a 
Bourdon’s gauge. 


The following Table (p. 140) gives the results of the experiments ; 
the headings of the different columns sufficiently explain their 
contents. 


Discussion. 


Rev. E. Hirt thought that the results obtained might have 
another application. In studying faults and joints, the elasticity 
and capability of resisting crushing cf different rocks must neces- 
sarily often be taken into consideration ; and for such a purpose the 
determinations made by the authors might be of great service. 


140 T. GRAY AND J. MILNE ON JAPANESE ROCKS, 


2°63 
2°70 
2:28 
2°68 
2°74 


*yood Jo Ayisuaq 


"Sa.}ouII}Ua0 
UL SUIYsNAO Jo Sn]Npow WWSUET 


87:4 x 10? 
70 4x 103 . 
50:0 x 10? 
57°5 x 10° 
114 1063 


‘aajeul}ueo atenbs 
Jod sawiureis UL SUTYsNao Jo sn[NPOP, 


190 x 10? 
114 x 108 
154 x 10° 
313 x 10? 


"So.1jauI}U90 UL 
eanjdnat o10foq UOTPAPep UNUTIXVTT 


‘070 | 230x103 


‘O75 


‘079 
‘069 
079 


‘aajoutqueo earends 
ded sommmers ut oingdna Jo snjupoyy 


L710? 
137 x 163 
131 x 10° 


"QABM IS1OASURI} JO 
AjTOOTOA 04 TeULIOU JO AZLOOTeA JO OTe 


1:37 | 252~x 10° 
58-417 < 108 


1:80 
1:83 


1°36 


‘puooes Jod sarjoutt}t00 UT 
DAVM OSLIASTIVA} JO AJLOOTOA PoJe[MOTRO 


219 x 10° 
208 x 10? 
209 x 103 
254 x 10° 


286 x 10° 


UI @ABM [BULIOU JO APLOOTIA poye[NoTBO 


395 x 10% 
381 x 10? 
285 x 108 
348 x 103 
451 x 10° 


"gaqJOUII] 199 
UL SN[NpOW-ApIpIsia ayy JO Y}SueT 


. 
[ 


48:9 x 108 
44'1 x 106 
44-7 x 106 
66:0 x 106 

36+ 106 


8 


"sa.joullyme0 
UI SNTNPOUL s,sunoZ ogy Jo yyoueT 


159 x 106 


148 x 10° 
82°9 x 106 


] 


23 x 108 
250 x 106 


‘aqjoumtyued eenbs 
Jod sommes UL sn[npoU-AqIpIsny 


128 x 106 
119 x 106 
102 x 106 
177 x 10° 
229 x 108 


‘oqjoulyUed erenbs 
_ dod saummeas UI sn[upow ssunox 


416 x 106 
400 x 106 
189 x 106 
329 x 106 
686 x 10° 


| 
| 
| 
| 
| 
| 
| 
| 
ai 


Granite . 
Marble 
Clay Rock . 


Tuff 
Slate 


APO so PEt |: 


METAMORPHIC AND OVERLYING ROCKS OF ROSS AND INVERNESS. 141 


11. On the Meramorputc and overlying Rocxs im parts of Ross 
and Inverness Surres. By Henry Hicxs, M.D., F.G.8S. With 
Notes on the Microscopie Structure of some of the Rocks by Pro- 
fessor T. G. Bonney, M.A., F.R.S., Sec.G.8. (Read February 7, 


1883. 
(Puate VI.) 


Contents. 
. Introduction. 
Upper part of Glen Logan. 
. Neighbourhood of Achnasheen. 
Ben Hay and Loch Clare to Glen Carron. 
Achnashellach, Loch Doule and Strathcarron. 
Loch Kisborn to Loch Carron. 
Attadale, Loch Carron. 
Strome Ferry and Loch-Alsh Promontory. 
Loch Shiel to Caledonian Canal. 
. Conclusions. 
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1. Introduction. 


Sryce I communicated my paper to the Geological Society in 1878, 
on the rocks in the neighbourhood of Loch Maree, Ross-shire, I have 
revisited the north-west Highlands on two occasions, viz. in the 
spring of 1880, and in the spring of last year. During these visits 
I devoted my time to the examination, in various areas, of sections 
which seemed likely to furnish evidence confirmatory or otherwise 
of the views which I had ventured to lay before the Society. In 
this paper I propose to give the general results obtained from these 
exatninations, and to treat more fully those sections which appear 
to offer any conclusive evidence. In each of the areas examined I 
made large collections of rock-specimens ; and numerous thin sections 
for examination with the microscope have been made from these 
rocks, and submitted for special examination to Prof. T.G. Bonney, 
and Mr. T. Davies. The former has kindly furnished the notes on 
these sections which aré appended to this paper; and to both, on 
this as on so many former occasions, I am indebted for most valuable 
assistance in the petrological work. The notes by Mr. Davies in 
the paper I published in the Geological Magazine in 1880, on the 
Gairloch and Ben Fyn districts, have also so important a bearing on 
the questions discussed in this paper that I shall find it necessary to 
refer frequently to them. 

The notes in that paper on the Gairloch specimens are particularly 
important, as they prove clearly the presence in that western area 
of rocks which cannot be differentiated from many rocks in the 
eastern area of Ben Fyn, included by Murchison, Geikie, and others 
in the so-called newer gneiss of Silurian age. This group of Ben Fyn 
is in this paper taken as the type to which is referred the newer series 
of metamorphic rocks of Pre-Cambrian age in these areas as distin- 
guished from an older, or Loch-Shiel series, and the supposed still 
older Loch-Maree series. 
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In a former paper* I placed the axis of the oldest rocks in the 
direction of Loch Maree, with newer beds to the south west at Gair- 
loch and to the north-east about Ben Fyn. In doing this I did not 
necessarily mean to correlate the series at Gairloch with those of 
Ben Fyn, but believed them to be so closely allied that they could be 
easily included in one great group. The more hornblendic varieties 
along the shores of Loch Maree and the granitoid rocks south of 
Poolewe were, in my opinion, of older types; but whether separated 
from the former by actual unconformity or not I was unable to say. 

Without referring again to the several views maintained in regard 
to the metamorphic rocks in the eastern areas, with which I have 
chiefly to deal, it is clear, as specially bearing upon those views, that 
the following points have to be kept constantly in mind in these 
inquiries. (1) Is the stratigraphical evidence as to a continuous up- 
ward succession, maintained by Murchison and Geikie, of that conclu- 
sive character that it must overthrow all petrological evidence which 
may seem to render this, if not impossible, yet highly improbable ? 

(2) Has this upward succession from Torridon Sandstone through 
the quartzite and limestone series anywhere been observed to gra- 
duate into gneiss rocks of the type such as we classify under the 
name Ben-Fyn series. 

(3) Are not the flaggy micaceous rocks, such as those which we 
have described from the east side of Glen Logan, which probably 
overlie the limestone series (though there undoubtedly separated 
from the latter by a fault), more intimately allied in their microsco- 
pical and general characters to the Torridon series than to those of 
the Ben-Fyn type, which they are supposed to immediately underlie? 

(4) Are there evidences of the disturbance of the strata by faults 
and inversions along these lines of such a kind as would be likely to 
greatly interfere with and to complicate the order of succession ? 

(5) Do the eastern metamorphic rocks show at different horizons 
and places that variability in the amount of alteration which is 
usually noticed in rocks subjected to local influences only ? or do they 
not rather everywhere show an identical state of alteration, as if the 
result of some wide-spread cause, rather than due to local mechanical 
disturbances ? 

Before proceeding to describe the various sections examined since 
my paper was read in 1878, I may here take the opportunity of 
referring to a point in connexion with the section published in 
that paper which needs some explanation (though I have to a certain 
extent done so in my paper in the Geological Magazine, 1880). In 
that section the beds were accidentally placed at too high an angle in 
the part east of Glen Logan, and the floor made to appear to continue 
too uninterruptedly eastward. The published section, however, as 
mentioned in the discussion, was intended merely as a diagram ; 
the views that I entertained were fully explained in the text t. Yet 
as it might tend to give a misleading idea as to the condition of the 
floor at this part, I think this explanation necessary. The presence 


* Geol. Mag. Dee. ii. vol. vii. 1880. 
t Quart. Journ. Geol. Soc. vol. xxxiv. p. 816, 
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of the floor in the entrance of Glen Docherty, as nearly as possible in 
the position indicated in that section, I clearly recognized again 
during my last visit. It is also seen as we leave the upper end of 
the glen; but between these points the ground has been so much 
broken up by faults passing along the glen and at right angles to it, 
that it is impossible to trace it continuously. The presence of the 
old floor in Glen Logan as far as the entrance into Glen Docherty 
(shown also in Prof. Bonney’s diagrams and recognized clearly by 
him *, and referred to also by Mr. Hudleston in his paper in the 
Proceedings of the Geologists’ Association, 1879) is a fact of so much 
importance in these inquiries, in consequence of its being found east- 
ward of the quartzite and limestone series, that the question of its 
presence in Glen Docherty may be almost dispensed with in the dis- 
cussion. If the oldest rocks can be seen to rise up anywhere eastward 
of the limestone series, then the probability of the eastern true 
metamorphic rocks being parts also of the old floor, as maintained in 
my former papers, is rendered still stronger, especially if, as I hope to 
show in this paper, there is abundant evidence tending towards that 
conclusion. 

I may here also refer briefly to the prevailing faults found in these 
areas. ‘There can be no doubt, as shown by the directions of the 
lochs and valleys, that the main faults trend from N.E. to 8.W. and 
from N.W. to S.E. Branching off from these, however, are many 
minor faults ; but though these are continually met with, they do not 
usually greatly interfere with the succession, though they occasion- 
ally cut off considerable thicknesses of strata. Comparatively a few 
only of the faults are indicated on the map (P1.VI.), and those mainly 
which have a bearing on the questions considered. 

Some of the local names are taken from the recently published 
Ordnance map; but the majority are from that published by Black, 
as they agree with those used in my former paper. At that time 
the one-inch Ordnance map of these areas had not been published. 
The numbers on the map refer to the positions of the rock-speci- 
mens described, and correspond with the notes by Prof. Bonney. 

All the rocks described are from points not referred to in my 
former papers, and they include all the varieties which appeared at 
all typical in the traverses made. One section only was examined 
to the north of the area previously described, the others being all 
to the south and east. The one to the north may be looked upon 
as a continuation to the N.H. of the former Glen-Logan sections. 


2. Glen Logan (or Laggan), Upper part. 


The gneiss, note no. 1, has a well-marked strike from N.W. to 
S.E., and in its general appearance seems typical of the older or 
what we call the Loch-Maree series. 

About the cottages near the entrance to the glen on the west side 
leading to Loch Nafatt are exhibited well-rounded surfaces, upon 


* Quart. Journ. Geol. Soc. vol. xxxvi. p. 93. 
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which the strike of the foliation is beautifully shown: here the 
gneiss is seen at a height of from 300 to 400 feet above the datum- 
line ; but it can be traced to a considerably greater height. A fault 
seems to extend along the glen above referred to; and the ground 
is broken up about the entrance. Though the rocks beyond this 
fault to the N.E. of the glen appear to differ in some important par- 
ticulars from those described on the south side, it is clear, from the 
notes 2, 3, and 4, that they are also a highly metamorphic series. 
The fault has probably cut out a considerable thickness of the strata, 
being, as it is, nearly parallel with the bedding; therefore there 
is a rather abrupt passage from the one group to the other. On 
the south side of the glen, as already stated, the rocks are of the 
Loch-Maree type ; but those to the north agree better in their petro- 
logical and physical characters with those of the Ben-Fyn type. I 
traced the section along the north side as far as Leckie, and found 
the beds to dip generally at a high angle to the north-east. In 
some places they are slightly contorted, but are seen quite evenly 
bedded and in regular succession in the gorge, where the bridge 
crosses the branch of the river flowing from a glen to join the main 
stream below Leckie. In the face of the hill on the south side of 
the main stream of the river and of the valley the beds dip to the S.E. 
These are much less altered than those described from the north side, 
and are evidently to be correlated with the flaggy micaceous series 
in the valley of Glen Docherty to the south. They compose the 
main portion of the mountain called Craig Roy. At one point they 
may be seen slightly bent towards the north-east, asif dragged down 
towards the fault extending along this valley towards Loch Fannich ; 
but as they are entirely discordant in strike to those on the north side, 
and dip at a lower angle, it is clear that they are a much newer © 
series, and in their petrological characters may be classed with the 
flaggy beds which are supposed to be seen in so many areas resting 
upon the limestone series. After a careful examination of the beds 
along Glen Logan and its branches, I came to the conclusion that these 
flaggy beds rest unconformably upon the Loch-Maree and Ben-Fyn 
‘series. The faulting has not, in my opinion, been of a character which 
would so completely baffle the order of succession here as to make 
this an illusory appearance only; and the result of the faulting can 
be calculated without much difficulty. As these beds of Craig Roy 
approach the western shoulder of Ben Fyn, they appear to dip slightly 
towards that mountain; but this also is evidently the result of a 
fault; for immediately we pass this point eastward, an entirely 
distinct group of rocks, with a strike from N.W. to S.E., at a very 
high angle, is met with; and the beds continue to retain this high 
dip, with here and there a fold over, through the whole range of 
mountains east of this point and to the north of Achnasheen. 


3. Neighbourhood of Achnasheen. 


The characteristic gneisses and mica-schists found in these 
mountains have been described in my former papers, and in that by 


OVERLYING ROCKS OF ROSS AND INVERNESS. 145 


Prof. Bonney *. They include coarse and fine-grained granitoid 

gneisses containing garnets and sphene, a well-marked augen-gneiss, 

dull-coloured and bright silvery mica-schists containing abundance 
| of garnets, and micaceous gneisses with bands of white and black 
mica, with a moderate amount of quartz, felspar, &c. 

On the south side of Loch Roshk the same characteristic gneisses 
and mica-schists appear, and with a similar strike. 

No. 5 is typical of the series in the shoulder of the hill between 
the east end of Loch Roshk and the valley to the south towards 
Glen Carron, which the Dingwall and Skye Railway traverses. To 
the east of the railway the rocks are also highly typical of the Ben- 
Fyn series. They he at a high angle with an easterly dip. Here 
and there contortions are recognizable; but the only very definite 
change in the dip observed was in the mountains south of Loch 
Luichart f. In this area, as in the Ben-Fyn group of mountains, the 
degree of alteration is equal throughout from the base of the series 
to the top; and that the metamorphism cannot be due to any local 
mechanical disturbance is perfectly clear from the evenly bedded 
character of the majority of the rocks. In every specimen examined 
an intimately crystalline condition was observable, such as is usually 
considered characteristic of the true gneisses and schists; and gene- 
rally also the minerals sphene and garnet, which could not have been 
originally present in the sediments, occur in abundance throughout 
the rocks. 


4, Ben Eay and Loch Clare to Glen Carron (fig. 1). 


_ This section is taken in a line nearly due south of one described 
in my previous paper. It illustrates the general order of succession 
to the south of Loch Maree, whilst the former indicated the 


g. 1.—Section from Ben Eay by Lochs Clare and Coulan to the S.E. of Glen Carron. 
(Seale 3 inch to 1 mile.) 
S.E. 


Loch Coulan. Glen Carron. 


¢,¢. Gairloch and Ben-Fyn series. d. Torridon Sandstone. d'. Quartz rock. 
. e. Limestone series. f. Glen-Docherty series. 


order on the north side. As previously mentioned, the fault dlong 
Loch Maree has thrown down the floor and the overlying beds on 
the south side to a much lower level; and in consequence the old 
floor is lost further westward than on the north side. The diffi- 


* Quart. Journ. Geol. Soe. vol. xxxvi. p. 93. 
+ It is also mentioned by Murchison as occurring in Ben Eigen 
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culty of tracing the floor in the area now to be described is also 
greatly increased in consequence of the very highly faulted condition 
of much of the ground. If we begin the section with Ben Hay, we 
shall find that the Torridon Sandstone, which forms the base of this 
picturesque mountain, rests towards the north-west on a floor of 
the old gneiss, but at a much lower horizon than it does at Ben 
Slioch on the north side of the lake. ; 

The Torridon Sandstone in both cases is alike in its general 
characters. It 1s occasionally brecciated, though much less so than 
in the mountains still further west, about Gairloch. For the most 
part it shows well-rounded fragments along this line and as far as 
the shores of Loch Torridon. Here and there shaly bands are 
found ; and on the north shore of Loch Torridon I found. these 
occurring almost to the base of the series. The colour of the sand- 
stone varies from a bright pinkish and reddish colour to a dark 
green. The former is due to the felspar present, and to a reddish 
coating of the quartz; and the latter to a fine chloritic material 
disseminated through the rock, and also coating the quartz grains. 
Indications are abundantly present in the sandstones and breccias 
of the kinds of rocks which must have yielded the materials ; and 
it is abundantly clear that they must have differed considerably at 
the time in their degree of crystallization. For instance, at Gairloch 
the fragments may be readily matched with the rocks on the upturned 
edges of which they now repose. In the Torridon area the evidences 
are clear that similar rocks were being denuded, as well as some 
chloritic rocks and some less altered slaty beds. That fragments 
of these less altered rocks occur here in combination with those 
of the true gneiss rocks is clear proof that there were some Pre- 
Cambrian rocks in these areas, as in Wales, which had not under- 
gone a great change before the Cambrian rocks were deposited upon 
them. These comparatively unaltered rocks in Wales have not, as 
shown by the fragments in the conglomerates, undergone much 
change since that time, though they have been depressed to great 
depths and have suffered repeated crushings and other effects of 
local disturbances. The finding in these areas, as in Wales, of frag- 
ments of highly crystalline rocks with those so much less altered is 
most interesting, and should lead us to be careful in placing any of 
the even moderately altered rocks in the newer series, unless the 
evidence of their geological position is beyond the possibility of 
doubt. 

We see therefore from the fragments in the conglomerates and 
sandstones in these areas that some comparatively but slightly altered 
rocks were being denuded by the Cambrian seas ; hence we must be 
prepared to meet with these somewhere. Possibly this fact may have 
amore important bearing on the supposed evidence of progressive 
metamorphism in these areas than we are able at present to realize. 

In this area there seems to be clear evidence that the quartzite 
series was deposited unconformably on the Torridon Sandstone. In 
the quartzite series are some subordinate bands of a yellowish calea- 
reous shale. These are theso-called fucoidal bands, found here and 
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at many points north of this area. This series is well exposed capping 
Ben Eay and the other mountains towards Loch Torridon. 

The dip is towards the east ; but the series is only found in a very 
broken condition in the low ground towards Loch Clare. A por- 
tion only of the next or Limestone series also is exposed here, in 
consequence of the very faulted condition of the ground. 

Were this section alone to be taken as showing the order of suc- 
cession in this area, the evidence as to upward passage into the next 
series would be almost valueless, as the faults are amply sufficient to 
bring up the old floor to appear, to rest upon the Limestone series ; 
and the advocates of that view could have justly claimed that the 
comparatively unaltered condition of the next series would only 
tend to show that the beds were the newer Pre-Cambrian rocks, 
which yielded the comparatively unaltered fragments found in the 
conglomerate here and at Loch Torridon. 

As there seems, however, much evidence tending to the belief 
that these beds, which belong to the Glen-Docherty series, do rest 
conformably on beds of the Limestone series further north, it will 
be better to take for granted here that these are newer beds, and 
that they are thrown down against the Limestone series. They are 
. to be traced continuously from Glen Docherty to the shores of Loch 
Clare and Loch Coulan. They dip to the 8.E. with a gentle incli- 
nation, and throughout are a flaggy micaceous group, in some places, 
however, almost a clay-slate; at other points fine-grained quartzose 
rocks may be found. Superficially they put on sometimes a more 
altered look than is seen either in the sandstones and clays of the 
Limestone series immediately below, or in the Quartzite and Torridon 
group; but on microscopical examination the fragmentary character 
of the series is always well marked, and after a very sught examina- 
tion no one would be likely to be led to the mistake of associating 
them with the true gneisses and mica-schists of either the eastern 
or the western area. Beyond and to the north-east of Loch Coulan 
they are entirely cut off by a fault from the next rocks to be 
described. To the south also they are cut off from the Torridon- 
Sandstone and Quartzite mountains, which extend eastward at a 
greater elevation parallel with these supposed much newer rocks. 

The presence of great mountains of Torridon Sandstone capped 
with quartzite to the south of Loch Clare and Loch Coulan, and ex- 
tending as far as Loch Carron, proves beyond doubt that this region 
has suffered enormously from various kinds of disturbances. The 
faults, it is certain, must in this area have had a marked influence 
on the succession, since it is perfectly clear that the same rocks as 
those met with thrown down in the valley to the north-west of Loch 
Clare are found capping mountain after mountain far away to the 
south, whilst the uppermost flaggy beds may almost be said here to 
dip towards and even below them. That the Sandstone-and- 
Quartzite of this area is nothing more than the same series that was 
met with at Ben Hay and in the mountains south and west of that 
point, carried further eastward, there cannot be the shadow of a 
doubt to the mind of any one who thoroughly explores it; therefore 
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any supposition of their being higher beds of sandstones and quartz- 
ites reposing upon a lower quartzite-and-limestone series must be 
entirely cast aside. These rocks will be further referred to when 
describing the areas of Achnashellach and Strathearron. 

Continuing the section eastward of Loch Coulan, still in some- 
what broken ground, we come upon a series of rocks entirely unlike 
those referred to as the Glen-Docherty series. As the road (private 
road belonging to Lord Wolverton) leading to Achnashellach crosses 
the ridge the mica-schists described in the Appendix, note no. 6, are 
found. The general dip is to the N.W.; but here they are consider- 
ably contorted, and a dip to the 8.E. is soon afterwards recognized 
for a short distance in the same rocks. In descending towards 
Achnashellach the rocks no. 7 are met with, and apparently as 
belonging to the same series as the above, though the evidence of 
this is not quite certain. As we approach towards the station, 
undoubted old rocks of the type described under no. 9, and a reddish 
felspathic group not unlike the old rocks of the Logan valley, appear. 
On the roadside immediately to the west of the station, Torridon 
Sandstone is found faulted against this old rock. 


5. Achnashellach and Strathcarron (fig. 2). 

In the gorge of the river in the private grounds of Achnashellach 
Lodge an excellent section of the quartzite series is exposed. 
Towards Loch Doule the beds dip at an angle of about 45° to the 
S.E., evidently as the effect of the main fault in the Loch-Doule 
valley. A moderately high dip prevails also for a considerable 
distance up the valley leading to Loch Corry Lair, and the quartzite 


Fig. 2.—Section across the Carron Valley, between Loch Doule and 
Loch Carron. (Scale % inch to 1 mile.) 


W.N.W. 2 §.8.E 
aes B h of 
Fourell Bem ranch o 
More Bas 


Attadale River. 


t 
1 
! 
1 
t 
{ 
| 


AWN SW Oren 
\ RIAA 


ad @e c c 
ec. Gairloch and Ben-Fyn Series. 
d. Torridon Sandstone. d'. Quartz Rock. 


e. Limestone Series. 


series is seen as if resting almost conformably upon the Torridon 
Sandstone. ‘The latter is passed over at the highest point between 
Achnashellach and Loch Corry Lair, and the succession is to be clearly 
made out in the mountains to the N. andS. of the pass. The moun- 
tains to the west of this lake also seem wholly made up of Torridon 
Sandstone capped with quartzite. That these are true Torridon 
Sandstones, and not subordinate bands in the quartzite series, is 
perfectly clear to any one who has seen the succession on the 
Torridon shores. The thickness also is very great, evidently several 
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thousands of feet. Conglomerates are seen alternating with the 
sandstones ; and in these are found occasionally large fragments of 
greenish schistose rocks, very like some of the rocks found in the 
range of mountains to the north-east, supposed by Murchison and 
Geikie to be newer than these groups, but which I maintain belong 
to a much older series. How it can possibly be supposed that 
the rocks forming the mountain Cairn a Grubie to the N.E. of 
Achnashellach repose upon the quartzite series of this area, J am 
quite unable to make out. As already shown, the dip is in some 
cases in exactly the opposite direction ; and even when it is reversed 
to the S.E., the strike would be directly against, and not over, the 
Torridon and Quartzite series. Altogether the evidence here is most 
decidedly opposed to any view of an upward succession into the 
gneissic and chloritic series. In travelling along the Loch-Carron 
road we meet with the quartzite as far as Coolagin. In the bed of a 
river coming down from the mountains on the N.W., just beyond 
this point, another clear section is exposed, and the uppermost beds 
of the quartzite series full of so-called Annelid-tubes are found. 
These are succeeded in the low ground towards the main river by 
the Limestone series. The limestone here is undoubtedly, from its 
general appearance, identical with that found in the western area 
about Kishorn, to be described further on, and seems in many 
respects closely allied to the Durness and Assynt limestone of the 
north. The position of the quartz rock, with Annelid-tubes, rela- 
tively to the limestone seems also to lend further weight to this 
supposition. The Torridon Sandstone is met with higher up the 
stream, and is seen there to underlie the quartzite series as in the 
Achnasheliach valley. The succession is therefore, on the whole, 
more perfect also; for we meet with Torridon Sandstone to the 
N.W., and in descending towards the Loch-Carron valley the 
Quartzite series resting upon it, and afterwards the Limestone 
series in its proper position. These are thrown down together at a 
high angle towards the main fault in the Loch-Carron valley, and 
evidently immediately against the true gneiss rocks of the Ben- 
Fyn type which are found in the rising ground on the east side of 
the valley. The section, fig. 2, is intended to explain the succes- 
sion along this line as far as the fault, and it is then carried across 
the mountains immediately to the west of Strathcarron Station, 
which consist entirely of rocks of the Ben-Fyn type, such as are 
described in the notes (Nos. 23-27) by Mr. Davies to a former 
paper *, and of some allied rocks described by Prof. Bonney in the 
notes 18-21 in the Appendix to this paper, to be referred to further 
on in the description of the section in the Attadale valley. 


6. Loch Kishorn to Loch Carron. 


In the area between these two lochs I examined several very 
interesting and important sections in connexion with some of the 
questions considered in this paper. I also ascended the highest 


* Geol. Mag. dee. 2, vol. vii. 1880. 
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mountain in the area, Glas Bheinn, to see whether the interpretation 
furnished by the lower ground was equally applicable to the highest 
points. To the north of this area we have the mountains of Torridon 
Sandstone, capped with quartzite, already referred to, and to the 
west the great mountains of Torridon Sandstone in the Applecross 
district. It seems to be bounded more or less by faults in all direc- 
tions, and some of these must be faults of considerable magnitude. 
With the exception of the broken patch of the Limestone series on 
‘the shore and to the north of Loch Kishorn, I have indicated the 
whole as belonging to the Ben-Fyn series (or stage of crystalliza- 
tion); but this is to some extent only a provisional arrangement, as 
it is quite possible that a large proportion of the rocks in this area 
may prove to belong to a distinct group not represented in the Ben- 
Fyn district. That they are for the most part equally altered with 
that group there cannot, however, be any doubt; hence instead of 
classifying them under a new name, I have thought it best at 
present to associate them together. Sir R. Murchison has described 
the rocks in this area as being of Silurian age, the limestone of 
Loch Kishorn being at the base, with an ascending succession 
towards Loch Carron. In his joint paper with Prof. Geikie * it is 
stated that the Kishorn limestone may possibly ‘‘ be the same as 
that of Loch Carron, Loch Coulan, and Glen Cruchalie—that is, the 
limestone zone between the lower quartz-rock and the upper 
quartzoge flaggy series ; or, like the lower limestone of Ben Eay, it 
may be a local deposit occurring in the lower quartz-rock.” Itis also 
stated by them to be “underlain by white quartz rock, which, coalescing 
with that above the limestone, forms one series, below which lie the 
Cambrian sandstones swelling up into the great mountains of 
Applecross.” Prof. Nicol says that the “limestone rests on the 
quartzite, which in one place dips at 15°, to $. 40° H. The limestone 
is, as usual, more broken and irregular, but near the bridge to Apple- 
cross it dips at 64°, to EH. 8° N. The tale-slates on the east have a 
dip of 20°, to EK. 30° N.; and, on the whole, lower angles than those 
given in my former paper seem to prevail in these beds. Granulite 
and hornblende-rocks, however, abound near the line of junction ; 
and I was still unsuccessful in finding any point where the talc- or 
mica-slates overlap the limestone or quartzite. I have now no doubt, 
from the facts seen at the junction in other places, that the limestone 
and talc-slate are divided by a line of fault. The occurrence of the 
limestone in this position, though quite analogous to what is seen in 
Assynt, is very important. It lies in a low valley at the foot of the 
red sandstone hills of Applecross, more than 2000 ft. high, and, asits 
regular position is above the quartzite, it must have been thrown 
down fully 3000 ft.” After carefully examining the section at this 
point, I felt satisfied that the description given by Prof. Nicol was 
the correct one, that the Quartz-rock and Limestone series have 
been thrust in among the old rocks, by faults, and that the evidence 
is altogether opposed to the view that they underlie in conformable 
order the highly metamorphic series to the east. I examined the latter 
* Quart. Journ. Geol. Soc. vol. xvii. p. 197. t Ibid: pitty, 
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at many points and found none that could be considered even partially 
typical of the Glen-Docherty series. ‘The limestone of Loch Kishorn 
(note 32) is exactly like that which I have already described 
near Strathcarron. It is frequently brecciated and generally of a 
bluish or greyish colour. It is traversed also by cherty layers; and 
though fossils have not as yet been found in it, it seems altogether 
so like that in which fossils occur at Durness that I believe they 
may yet be discovered. The sandstones in association with the 
limestone are also so exactly like those found in other areas that 
they need not be referred to. They are in no part here more altered 
than are the ordinary fine-grained Torridon Sandstones of the typical 
areas. Besides the schists to the east of the limestone mentioned 
by Prof. Nicol, I found, in the gorge through which the road to 
Jeantown passes, a series of red augen-gneisses of rather a peculiar 
character, in association with greenish-looking hornblendic schists. 
A specimen of this augen-gneiss is described in note no. 12 by Prof. 
Bonney. In ascending the hill eastward from this point, horn— 
blendic schists with red felspathic lines and rather massive-looking 
rocks of a green colour freely permeated by epidotic veins are the 
prevailing types. At the crest of the hill and in descending to 
Jeantown, reddish quartzose and other gneisses more approaching 
the Ben-Fyn types are found, and the beds become on the whole 
thinner and more contorted, a distinct reversed dip being found to 
the south of Jeantown. Directly to the north of Jeantown, on the 
shore of Loch Carron, the dark micaceous schist (note no. 11) is met 
with. These schists and the quartzose gneisses are found extending 
along the shore to Loch Carron Kirk, from which point I ascended 
the mountain Glas Bheinn, and their dip is generally eastward. 

In ascending Glas Bheinn until a height of about 600 feet is 
reached the usual Ben-F yn types of gneisses are found; but beyond 
this, and reaching quite to the top of the mountain, the hornblendic 
gneisses described in note 11 are the prevailing types. Indeed the 
central portions of the mountain and its shoulder to the west seem 
chiefly to consist of these rocks. Numerous bands of a reddish fei- 
spathic rock and segregation veins of felspar and quartz are also abun- 
dantly present in the series. The whole aspect of these rocks to the 
very top of the mountain calls to mind rather the older Hebridean 
series than the Gairloch or Ben-Fyn types. Yet as the latter seem 
to repose upon these on the east side they are for the present grouped 
together. ‘The strike of the beds is usually from N.W. to 8.E. or 
from that to N. and’.; and the dip, generally high, is in some 
places almost vertical. 

The presence of a group of gneisses of so old-looking a character, 
and with a crystalline condition, as shown in microscopical sections, 
not to be distinguished from the oldest gneisses of the Loch-Maree 
type, reaching to the crest of a mountain of over 2300 feet in 
height in an area regarded as.containing the so-called newer Silurian 
metamorphic rocks only, and east of the limestone series, is a fact of 
enormous importance, especially as we are told by Murchison and 
Geikie that the rocks found in this area are newer than the Lime- 
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stone series of Loch Kishorn, and that they repose conformably upon 
the latter. Not only does it seem incomprehensible from their pecu- 
lar mineral characters that these can be altered Silurian rocks, but 
the evidence afforded by the strike, which is directly opposed to that 
of the unaltered Torridon-Sandstone and Quartzite series forming 
the mountains directly to the north, and the fact, moreover, that 
here and there we meet with rocks in the latter area peculiarly like 
those of the Glas-Bheinn type peeping out from below the Torridon 
Sandstone, would seem to indicate that the conclusions which have 
been arrived at as to there being evidence of a continuous upward 
succession in this area are erroneous. 


7. Attadale, Loch Carron. 


In the Attadale valley, which runs in a direction nearly east and 
west from the east side of Loch Carron towards its upper end, an 
unusually good exposure of the gneiss rocks and mica-schists of the 
Ben-Fyn type may be examined. 

In the railway-cutting (as we approach the railway station from 
Strathcarron) rather massive beds are exposed, dipping at an angle 
of about 45° to a little north of east. These gneisses contain a con- 
siderable amount of pinkish felspar in association with brown mica 
and quartz. Veins are occasionally found also traversing these beds. 
Between Strathcarron and this point the ends of the beds are fre- 
quently exposed, as if sharply cut off by the fault of the Loch-Carron 
valley, and deeper beds are found here than in the hills directly east 
of Strathcarron Station. In ascending the Attadale valley along the 
north side, the next series to be noticed, after those characteristic of 
the entrance, No. 18, are some dark mica-schists, No.19. These are 
considerably contorted and are well exposed near a farm-house on 
the left-hand side of the road. The general dip here, though there 
are some minor folds, is still to the east. 

Beyond this point augen-gneisses identical with those found at 
Ben Fyn are met with; these are succeeded by dark grey gneisses 
and mica-schists, and towards the upper end of the valley by the 
more quartzose gneisses, Nos. 20 and 21. These last are evidently 
the same gneisses as those found so well exposed in the mountains 
directly to the east of the Strathcarron Station, where they are seen 
dipping at a high angle to the east. After traversing these mountains 
in various directions, I met with no rocks that could in any way be 
looked upon as otherwise than typical of a highly metamorphic 
series. Bed by bed they may be examined, and in sections showing © 
thicknesses of several thousands of feet. An upward sequence is 
readily made out, and the several minor series show everywhere, as _ 
nearly as can be conceived possible, an identical state of alteration. 
After a time the observer cannot fail to realize in these areas that 
he is meeting continually with series having a very wide distribu- 
tion, many of them also attaining to great thicknesses, but repeated © 
here and there in great folds. The amount of contortion is not 
great, except in the more micaceous beds ; and there is not apparently 
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any very marked difference in the crystalline condition where they are 
locally disturbed. ‘The succession, as made out in these areas, would 
indicate that rocks of the Glas-Bheinn type (greenish hornblendic 
gneisses and pinkish felspathic gneisses) are the lowest ; that the next 
are the greenish micaceous schists and the augen-gneisses with black 
mica; and that these are followed by the grey gneisses and silvery 
mica-schists and the very quartzose varieties found towards the 
upper end of the Attadale valley. Hast of the last-mentioned points 
the beds present a more decidedly reversed dip to the N.W., showing 
indications of a great synclinal fold. 


8. Strome Ferry and Loch-Alsh Promontory (fig. 3). 


The rocks exposed along the east side of Loch Carron, in travelling 
from Attadale to Strome Ferry, may be grouped for some distance 
with those found towards the entrance of the Attadale valley. They 
are thrown somewhat back by the fault, but otherwise retain a 
similar strike to those further north. About midway between the 
two points the beds appear to be repeated in one or more folds. As 


Fig. 3.—Section in Loch-Alsh Promontory. (Scale 4 inch to 1 mile.) 
W. E. 
Durinish. ‘Faults. Craig More. Ling River. 
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C 
ec. Gairloch and Ben-Fyn Series. d. Torridon Sandstone. 


we approach Strome Ferry dark-green schistose rocks prevail. 
At and immediately to the south-west of Strome Ferry the rocks 
described under Nos. 13-17 may be said to be the chief types. Augen- 
gneisses and hornblendic schists, like those found between Jeantown 
and Kishorn, occur for some distance to the west of Strome Ferry, 
and may be examined on the shore. The hornblendic rocks are 
freely traversed by segregation-veins of pinkish felspar and quartz, 
and thin lines of a dull-coloured felspar are also frequently met 
with. ‘Ihese rocks have altogether an old look; but some of the 
thinner schistose rocks to the east do not show an equally crystal- 
line condition, though evidently true schists. It is probable that a 
secondary change has taken place in some of these, and that their 
apparent want of crystallization is due to a kind of decomposition. 
The reddish augen-gneisses are found about a mile below Strome 
Ferry, on the road to Duncraig; but I was unable to trace them in 
travelling westward of that point. I believe that the floor is here 
dropped by a fault which seems to pass in a §.8.H. direction across 
the promontory ; and this fault also tends to make the newer beds 
dip, as it were, towards and under the older rocks (see fig. 3). 
About this point also there are evidences of some minor faults. 
Together these faults seem to have dropped the whole of the 
Limestone and nearly all of the Quartzite series ; and the beds which 
are found west of this point should, I think, be grouped altogether 
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with the Torridon series. Mountains of considerable height appear 
to be completely made up of thick beds of sandstone interstratified 
with more flaggy beds. Nos. 28 and 29 may be looked upon as 
characteristic of those found in this area. On reaching the coast of 
Loch Alsh, near Balmacarra Hotel, reddish sandstones like No. 30 
are found. The promontory west of the line of fault already men- 
tioned consists therefore mainly of Torridon Sandstone, with little or 
no signs of important alteration, but with slaty and flagey bands 
showing indications of cleavage as the result of pressure. 

The rocks beyond the fault towards the upper end of Loch Alsh 
are almost identical in character with those that have been described 
as occurring about Strome Ferry. Last of this pomt, along the 
shores of Loch Duich, gneisses of the Ben-Fyn type are found, and 
associated with these are some bands of highly crystalline limestone. 
These are separated, according to Murchison*, by “ talcose, actino- 
litic, and micaceous schists, often serpentinous like the limestones 
themselves ; red felspar-porphyry and syenite also occur in bosses, 
dykes, and veins.” Though I was unable to visit the sections along 
the shores of Loch Duich, I feel satisfied from the descriptions that 
have been given of the rocks by Murchison and Geikie and by Prof. 
Nicol, and from an examination which I have made of the specimens 
deposited from these areas in the Geological Museum, Jermyn Street, 
that they must be older than the Torridon Sandstone. 

They are much like specimens which I collected along the shores 
of Loch Eil, from rocks underlying sandstones which must, I believe, 
also belong either to the Torridon or Quartzite series. These Loch- 
Duich and Loch-Eil types are probably the newest rocks of the Ben- 
Fyn type found on both sides of the axis of the older rocks as shown 
in the map (Pl. VI.). The main object I had in view in my explora- 
tion in these areas was to endeavour to trace the actual conditions at 
those points where it had been supposed there was clear evidence 
of a gradual passage from unaltered fossiliferous rocks to those but 
partially changed, and afterwards from the latter to the highly erys- 
talline schists found in the more central areas. I did not therefore 
think it necessary to examine many sections south of the point last 
described, as all who have written on those areas state clearly that 
metamorphic series only occur there; and the specimens I have 
examined, which have been collected from those areas, prove this 
very conclusively. The only other section therefore that I need refer 
to in this paper is one I examined carefully to see the connexion 
between the very highly crystalline series of the more central portions 
of this district and the apparently less highly altered rocks directly 
west of the Caledonian Canal and to the east of the axis. Several 
sections across, from the west coast to the line of the canal, have been 
carefully described by Murchison and Geikie, and in these sections 
they invariably show that the more crystalline rocks are found in a 
line from the neighbourhood of Loch Shiel (by Loch Quoich and 
Glen Shiel) to Loch Affrick ; and to the N.N.E. I have recognized the 
same types also as far north as the neighbourhood of Loch Luichart. 

* Quart. Journ. Geol. Soc. vol. xvii. p. 198. 
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9. Loch Shiel to Caledonian Canal (fig. 4). 


In figure 4 I show the general arrange- 
ment of the rocks between Glen Finnan, at 
the head of Loch Shiel, along the north shore 
of Loch Eil to the Caledonian Canal. The 
more highly crystalline rocks are well seen 
in the mountains about and directly to the 
east of Glen Finnan, as well as along the 
roadside. I ascended one of these moun- 
tains, called Ben Nan Tom, and found it to 
be composed entirely of massive-looking 
gneisses, frequently hornblendic, and con- 
taining lenticular segregations and bands of 
hornblende, of a reddish and light-coloured 
felspar mixed with quartz, and of black mica. 
The hornblendic bands are described in note 
22, and the gneisses from this point in note 
23 of the Appendix. The rocks are beautifully 
contorted in places, and thestrike in the folia- 
tion is from N.W.to8.E., orvarying from that 
to N.andS. In many respects these rocks are 
much like those found between Poolewe and 
Gairloch, on the west coast; and it seems 
impossible to conceive that they can be, as 
suggested by Murchison and Geikie, only 
Silurian beds in an altered and crumpled 
condition. The interpretation as given by 
them occurs in the following passage :— 
‘¢ We have shown that the quartz-rocks and 
limestones of Sutherland range south-west- 
wards through Ross-shire into the Isle of 
Skye,—that they are covered by a vast series 
of micaceous flaggy or gneissose schists ; 
that these are disposed. as a great synclinal 
trough, the centre of which traverses the 
head of Glen Shiel, the middle of Loch 
Quoich, and the watershed of Glen Finnan, 
—and that, by the curving of this trough, 
the quartzose beds which form its outer or 
lower edge along the western coast at 
Arisaig are brought up again along the 
line of the Great Glen”*. The highest 
beds are therefore placed by them at the 
point where we meet with the most highly 
altered rocks; and the least altered mica- 
ceous flaggy beds and the unaltered rocks 
are placed at the base of the trough to reach 
the surface along the line already described 


* Quart. Journ. Geol. Soe. vol. xvii. p. 207. 
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to the N.W. on the one hand and along the line of the Caledonian 
Canal on the other. Such a condition of things would seem pecu-— 
liarly anomalous if true; but fortunately the evidence, when care- 
fully examined, does not tend to bear out this strange interpretation, 
and a more natural one, and one more in accordance with recent 
views, is found to be the true one. Instead of a great synclinal with 
the most altered rocks held up by the less altered, the interpretation, 
as read by me, is that we have here a great, but much broken, anti- 
clinal fold, and that these highly metamorphosed rocks formed an 
axis which threw off the newer beds on either side, or that these rocks 
are, if conformable with the series to the N.W. and S.E., the oldest 
rocks and at the base of the whole succession in this area. These 
older rocks also have been exposed by the denudation of the newer 
rocks, and the latter are dropped on either side by faults, in more or 
less broken synclinals. 

There is ample evidence along the N.W. to show that the newer 
or Ben-Fyn series are repeated in broken folds, and that they dip 
as they approach the axis, freyuently away from it. They do this 
clearly also as seen in the section on the 8.E. side; but here the 
N.E. and 8.W. fault has somewhat interfered with the order where 
they actually meet. In tracing the section eastward from Glen 
Finnan, rocks more nearly allied to the Gairloch and Ben-I’yn types 
(no, 24) are met with. In the line of Glen Fionn, at the head of Loch 
Kil, a granitic-looking rock is seen, not unlike that found in Glen 
Logan (the so-called Logan rock), and its association here with these 
old gneisses is interesting. Crossing the fault, which is a most marked 
one at this point, we come rather suddenly on newer-looking rocks, 
still a metamorphic series, but evidently of a newer type altogether 
than those found in the area between Glen Fionn and Glen Finnan. 
These are the rocks supposed by Murchison and Geikie to dip under 
the latter ; but the evidence of a fault here is most marked, and, 
though the beds appear to dip towards the axis, the effect is clearly 
due to the fault. There is also some difference in the strike, as the 

newer rocks dip decidedly to the N.W. and afterwards to the 8.E. 
' Grey micaceous gneisses, corrugated mica-schists, and strongly 
bedded quartzose gneisses are the prevailing types inthis area. Near 
Fassfern rather thick sandstone-beds are found dipping at a very low 
angle to the 8.E. These are clearly but little altered, and must, I 
think, be classed either with the quartzite series of the west or 
with the Torridon Sandstone. They repose upon the mica-schist 
series, and appear to have no direct relationship with the latter. 
They occur here in a faulted synclinal of the schistose series ; so their 
actual position, whether as resting unconformably upon the schists 
or dropped amongst them by faults, is not quite clear. About Kal- 
mallie the schistose series is again very well exposed, here dipping 
to the N.W. The rocks at this point consist of highly micaceous 
gneisses and mica-schists (no. 25), also some talcose and serpentinous 
schists. These are a truly metamorphic series, and cannot be differ- 
entiated from the Ben-Fyn types, but possibly should be classed with 
the newer portions of that series. The rock no. 26, evidently an 
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igneous one, is found on the Loch side of the road. The schists can 
be traced along the road towards Banavie; but before we reach the 
latter place a granitic-looking rock is met with, which, however, shows 
rather a gneissose appearance in places; this is described in the Ap- 
pendix, note 27. It has an old look, and if not of a gneissose cha- 
racter, it must, I think, be an igneous rock of Pre-Cambrian age 
which has suffered a considerable amount of crushing and some 
change. In the area west of Glen Finnan, as along the lines of 
that district directly to the N., the gneisses and schists are of the 
true Ben-Fyn type. A collection of these may be examined in the 
museum in Jermyn Street. Other specimens in that museum show 
clearly that the old axis referred to above extends further south 
than the neighbourhood of Loch Shiel, and that rocks of the Glen- 
Finnan type are exposed at Strontian, almost directly to the south, 
in Argyleshire. 2 


10. Conclusions. 


The facts derived from the careful examination of the various 
sections referred to in this paper do not appear to me to lend sup- 
port in any way to the view propounded by Murchison and Geikie 
that the crystalline schists of their eastern areas repose conformably 
upon unaltered rocks containing Lower Silurian fossils. The supposed 
passage from unaltered to highly crystalline rocks has proved in 
each case, on examination, to be a deceptive appearance due either 
to a faulted junction or to some other accidental cause. The strati- 
graphical evidence therefore on the strength of which the whole 
theory depends for support fails entirely. To the east of Loch 
Maree it has been shown that the fossiliferous sandstones are suc- 
ceeded by flaggy beds at a low angle, which dip away from them to 
the south-east. ‘These flaggy rocks show, under the microscope, a 
slight amount of alteration; but the individual fragments out of 
which they have been built up are always easily recognizable, and 
there is no indication of that intimate crystallization of the felspar 
and quartz which is so characteristic of the true schists. The flaggy 
rocks meet the crystalline schists, which we recognize as belonging 
to the Ben-Fyn type, quite abruptly along a line to the east, and 
they are undoubtedly newer rocks than the latter. There is also 
generally a marked discordance in the strike of the two groups. At 
Achnashellach and Loch Doule, to the south of the lines last men- 
tioned, the quartz rocks with Annelid-tubes abut against the same 
crystalline schists of the Ben-Fyn type, the limestone and flaggy 
series recognized in the other areas being entirely absent. Further 
south, however, near the head of Loch Carron, the limestone reposing 
on quartz rocks with Annelid-tubes in abundance is brought against 
the crystalline schists along its eastern margin by a fault. 

The eastward dip which prevails in the unaltered rocks aswell as in 
the schists along this area has led to the belief that there was here a 
conformable upward succession between the series. This appearance, 
however, has been entirely produced by the fault; and the apparent 
conformability does not prove to be any thing like so marked as has 
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been supposed, the strike in the crystalline schists being about 
due north and south, whilst in the unaltered rocks it is from north- 
east to south-west. At Loch Kishorn, much further to the west, 
the same limestone is thrust in among the schistose series by faults; 
whilst in the Loch-Alsh promontory the whole of the limestone and 
mostof the quartz rocks have been cut off by faults, and beds belonging 
to the Torridon Sandstone series have been brought against and 
apparently made to dip under schists identical with those immediately 
in contact with the Loch-Kishorn limestone. The evidence there- 
fore of great dislocations of the strata along these lines is most 
marked, and it is along these broken lines that the so-called gradual 
passage from unaltered to highly crystalline strata has been supposed 
to be seen. With the exception of the fiat-bedded series found on 
either side of Glen Docherty there is scarcely any evidence whatever 
in these areas of the presence of rocks which can be classified as 
newer than the Limestone series. The least altered of those which 
are included in this paper in groups older than the Torridon Sandstone 
are more highly crystalline than are the majority of the Pebidian 
rocks of Wales, or of the Huronian rocks of Canada, each of these 
being undoubtedly of Archean age. And by very far the largest 
proportion are equally crystalline with those found in the western 
series where overlain py Torridon Sandstone and also with the rocks 
characteristic of the groups found in the Hebrides. Were we also 
to exclude from consideration those which do not show an intimately 
crystalline condition, the chief conclusions arrived at would be still 
the same. ‘There are clear indications in the so-called eastern as 
well as in the western area of several well-marked series in the 
schists. The main groups recognizable along the north-west coasts 
can be made out with equal clearness in the central areas. The same 
types are found to succeed one another ; the same segregation-veins 
of hornblende, of yuartz and pink felspar, and of black mica, and the 
same disseminated minerals which are in any way found to be cha- 
racteristic of groups along the west coast are found equally abundantly 
in the schists of the so-called eastern areas. The most massive and 
most highly crystalline of the so-called eastern rocks are found towards 
the base of the series and in the most central portions of the area, and 
the more evenly bedded ones thrown off in broken folds towards the 
east and west. This interpretation, as explained in describing fig. 4, 
entirely reverses the order given by Sir R. Murchison and Prof. 
Geikie, who have maintained that the most highly crystalline rocks 
occur in a great synclinal trough supported by the fossiliferous 
quartzose series. ‘I'he idea that the so-called eastern rocks retain 
a more regularly bedded appearance throughout than is usual in 
Archean rocks is not borne out by examination. That a very 
regular stratification is well marked in a considerable proportion 
of these gneisses is perfectly true; but that the same may be said 
of a large proportion of the gneisses in the so-called western areas 
is equally true: similar evenly bedded gneisses, it is well known, are 
abuudantly present also in the Laurentian rocks of Canada. Such 
a high state of crystallization as is found throughout in the evenly 
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bedded gneisses of the central areas of Ben Fyn, Mulart, &c. is 
itself one of the strongest arguments which can be adduced in proof 
of the high antiquity of these rocks. The advocates of progressive 
metamorphism in this region have strenuously maintained that so 
long as the beds retain their evenly bedded character foliation remains 
feeble, and that they only become highly metamorphosed when they 
undergo rapid plications and foldings. These rocks of Ben Fyn 
therefore should, according to that view, show but a partial change, 
whilst, as will be readily seen from the notes by Prof. Bonney and 
Mr. T. Davies, it is proved that they are in a highly crystalline 
condition. Other so-called eastern rocks, however, such as those 
referred to in the neighbourhood of Loch Shiel, are as greatly 
plicated as are any in the western areas. I have divided the 
Archean rocks on the map into three groups, viz. the Loch- 
Maree, Loch-Shiel, and Ben-Fyn series ; these may be unconformable 
to one another, though at present the evidence of this is not conclusive. 
A fourth group, less altered probably than any of these, and some- 
what in the condition of the Pebidian rocks of Wales, may also pos- 
sibly be partially represented in some of these areas, as some frag- 
ments which occur frequently in the Torridon sandstones and breccias 
are more nearly allied to such a group than to any of the others 
specially referred to in this paper. Fragments, however, which 
can be identified with rocks belonging to each of the groups men- 
tioned are found in the conglomerates and breccias along the west 
coast ; and these show clearly that little or no alteration has taken 
place in the crystalline condition of the underlying rocks since these 
fragments were derived from them. The whole of the evidence 
obtained from these examinations tends therefore to confirm the 
views maintained in my former paper, that the crystalline schists of 
these areas must all be of Pre-Cambrian age, and that they are not 
the equivalents of the fossiliferous Silurian rocks of the southern 
Highlands and of Wales. 


APPENDIX. 


Note ov the Lirnotocican Cuaracters of a SERIES of Scotce Rocks 
collected by Dr. H. Hicks, F.G.S. By Prof. T. G. Bonnay, M.A., 
F.R.S., Sec. G.S. 


In the following remarks it is not my intention to attempt an ex- 
haustive analysis of the microscopic characters of the rock-specimens 
which Dr. Hicks has been good enough to entrust to me for descrip- 
tion. This seems to me hardly necessary after the full descriptions of 
rocks, in many respects similar, which have already been published by 
Mr. T. Davies* and by myself. Hence, in order to avoid burden- 
ing the pages of our Journal, I have, as far as possible, noticed in 


* Geol. Mag. dec. ii. vol. vii. pp. 103 &e, 
t Quart. Journ. Geol. Soc. vol. xxxvi. p. 93. 
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detail only the points in which these specimens differed from those 
already familiar to me. 

In examining these Highland rocks (and I might say others also) 
T have observed three rather well-marked types, indicating stages of 
metamorphism. In the first it is obvious that many of the con- 
stituents noticed in the slide, especially those of larger size, with 
most of, if not all, the felspar, are original. Still many of the 
quartz-grains present somewhat irregular peripheries, and appear 
clotted or agglutinated together, as in the most highly altered 
quartzites, instead of presenting the definite outlines of ordinary 
fragments ; sometimes the smaller grains have even a chalcedonic 
aspect, as if of secondary origin. It is often doubtful whether the 
larger flakes of mica are endogenous or not, and it is quite certain 
that a minute flaky to fibrous mineral has been produced subse- 
quently to the deposition of the rock. This is probably, in part at 
least, a hydrous potash- or soda-mica (very like that which has been 
recognized as sericite), and in part perhaps is nearer to actinolite. 
Epidote and occasionally small garnets of secondary origin are 
present. Of this stage of metamorphism the rocks forming the 
northern escarpment of the “‘ Newer Gneiss,” in the neighbourhood 
of the head of Loch Maree, furnish excellent examples. 

In the second stage of metamorphism, while, when we regard the 
rock in the field, we can have no doubt of its sedimentary origin, 
bedding being often well marked and foliation distinct, yet, under 
the microscope, it is extremely difficult to identify any of the con- 
stituents, in their present condition, as of clastic origin. The . 
quartz presents the appearances above described yet more markedly. 
One might have hoped to have recognized, as has been done in 
quartzites, original grains as nuclei; but in this I have not yet 
succeeded, though I have examined a fair number of specimens. 
The mica, garnets, &c. are almost certainly endogenous; and this 
appears also to be the case (though on this point I speak hesitatingly) 
with the felspar where present. Of this stage of metamorphism, 
which, so far as one can tell, is as complete as can be, the rocks of 
the sonthern face of Ben Fyn furnish excellent examples. In Eng- 
land I may cite as instances the schists of the Lizard peninsula, and 
a considerable number of those in Anglesey, though some which 
have been sent to me from that island belong rather to the former 
type. 

Perce these types intermediate instances will of course be 
found. The nature of the constituents and the mode in which the 
agents of metamorphism have operated must bring about varieties 
of results, and it would be extremely rash to attempt in every case 
a classification by microscopic evidence alone; cases there are and 
will be where “noscitur a soctis” will be true, and we must then 
decide mainly by evidence obtainable by field-work. I do not 
mean by this to say that the two methods of investigation will pro- 
duce contradictory results, but that the microscopist, while certain 
that he has before him a distinctly metamorphic rock, will not 
venture to say to what extent alteration has taken place. I have 
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found myself in this difficulty with a few of the specimens described 
in this paper. They may be rather exceptional instances of the one 
or the other type, and with that conclusion J must leave Dr. Hicks 
to classify them. They will neither contradict nor confirm strongly 
any stratigraphical theory which he may have formed. The above 
difficulty may be partly due to the fact that in certain cases the High- 
land rocks have undergone great local crushing, I believe, always 
in the vicinity of faults. They thus present a fragmental structure ; 
and it is by no means easy when some mineral changes have sub- 
sequently taken place to decide whether we are dealing with a rock 
of clastic origin, in the ordinary sense of the term, z. ¢. resulting from 
the denudation of one of the older gneisses, or with one of the 
latter, which has been crushed in sctw and recemented. No doubt 
the point could in every case be settled by making a larger collection 
of specimens, or by having several slides cut from different parts of 
the same specimen; but I cannot venture always to decide it from 
the examination of a piece no bigger than a shilling, and it hardly 
seems worth while, where a crucial point is not involved, to go to 
considerable expense. Nowhere have I seen such numerous and 
marked instances of this local crushing as in the Highlands; but I 
have observed nothing to countenance Mr. Mallet’s theory of vul- 
canicity. 

It is by no means impossible that the apparently close resemblance 
occasionally observed between the above-named two groups of rocks 
may be due to the fact that the older has in many cases supplied 
the materials of the newer. Under these circumstances, if the 
latter had been exposed to much pressure and some chemical change, 
it would be by no means easy to separate the one from the other, 
even under the microscope. Now the Torridon sandstone and quartz- 
ite in the Loch-Maree region certainly derive the bulk of their 
materials from the old gneiss rocks described below as the third 
type; but the flagey ‘‘ newer gneisses,” such as those in the escarp- 
ment near Loch Maree, seem to be made up of the débris from a 
schistose series, like that of Ben Fyn. For instance, the quartz in 
the older gneiss is very full of minute enclosures, many of them 
resembling irregular empty cavities, though occasionally very small 
bubbles may be detected, especially in the more minute and regular 
in form; so is that in the Torridon and quartzite (as a rule). The 
quartz in rocks of the Ben-Fyn type has comparatively few of these 
enclosures, so has that in the newest series. Mica also is common 
in the latter two, rarer in the former two rocks. 

The third type, while agreeing with those described under the second 
head, as being metamorphosed to the highest degree, appears to 
differ in respects which can hardly be due to a mere prolongation of 
the metamorphic action. The bedding of these rocks is ill marked ; 
they are coarsely crystalline and often granitoid in aspect, being then 
difficult to distinguish from rocks of igneous origin ; and the same is 
true of their microscopic structures. In such cases, in the present 
stage of our knowledge (though I do not think it will be so always), 
we must be content to be sometimes uncertain whether we have 
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before us a granite or a gneiss. Examples of this class are the 
coarse gneisses of the Hebridean series, which underlie the Tor- 
ridon Sandstone and many of the Malvernian rocks of England. At 
the same time it must be remembered that now and then beds more 
distinctly foliated also occur in this series. 

Naturally we should expect that as a rule the above distinctions 
would have a certain chronological value, and thus we are justified 
in using them, in default of other evidence and with due caution, 
for purposes of classification. In the following notes I have, for 
convenience of reference, followed the numbering which Dr. Hicks 
had placed upon the specimens, but have added L., IL., or III. ac- 
cording to the type of which the specimen reminded me, inserting 
a qualification where needed. 

1 (Glen Logan). Principal minerals, quartz, felspar a good deal 
decomposed, but a considerable amount of plagioclase still discernible, 
generally extinguishing at small angles with the twin plane. In 
parts of the slide is a mineral which, at first sight, has exactly the 
aspect of grains of olivine in process of conversion into a greenish 
serpentinous mineral. Further examination, however, shows that 
the former mineral is garnet. The latter appears in part isotropic, 
in part shows filmy streaks of pale bluish light. I do not, however, 
observe here either the transverse microcrystalline structure of the 
“strings” or the opacite clotting so common in serpentine when 
formed from olivine. Granules of an earthy-looking mineral are 
probably formed by the aluminous constituent of the garnet, which, 
as these are not abundant, was probably Bredbergite rather than 
pyrope. So far as my experience goes, this replacement of garnet 
by a serpentinous mineral is very rare* (III.). 

2 (north side of Glen Logan, eastern branch). Quartz, mica (both 
white and brown, the latter partly altered into a green micaceous 
mineral), some felspar (rather decomposed), and a good many 
garnets almost colourless, but with many microlithic enclosures (I1.). 

3 (same locality). Generally similar, but with numerous small 
granules of a mineral which I take to be epidote. 

4 (same locality). Macroscopically appears to be a compact gneissic 
rock; microscopically it exhibits a ground-mass, consisting mainly of 
quartz granules in which are scattered flakes of mica exhibiting a 
certain foliation, and grains, generally somewhat irregular in outline, 
of a rather decomposed felspar. The last look asif they might bear 
record of original constituents ; but on the whole the rock appears 
to me to agree best with those in Il. and to be more highly 
altered than is usual in L., the outlines of the quartz grains in the 
eround-mass being very irregular. 

5 (south side of Loch Roshk). Macroscopically a not very fissile 
mica-schist ; microscopically quartz, white and brown mica, with 
one or two small garnets; very typical example of IT. 

6 (top of hill-road to L. Coulan from Achnashellach). A rather 
fissile mica-schist, rich in a dark lead-coloured mica, very distinctly 
foliated. Two micas, both, I suspect, more or less hydrous, are present, 

* See Rosenbusch, ‘Mikroskopische Physiographie,’ vol. i. p. 163. 
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with a little chlorite in parts of the slide, a fair amount of epidote, 
and probably a little cyanite. Probably IJ.; but I think there has 
been some crushing which has given rise to difficulties. 

7 (on side of hill, north of Achnashellach). A rather compressed 
micaceous schist, difficult to classify macroscopically. Microscopi- 
cally it consists mainly of quartz granules and flakes of pale green 
mica like that often described, with epidote, a little felspar, iron- 
oxide, &c. There are certainly indications of an original frag- 
mental structure, and the rock generally resembles No. I. series ; 
but there has been a good deal of metamorphism. 

8 (the same locality). The microscopic differences from the last 
one are only varietal. 

9 (towards base of hill north of Achnashellach). A compact 
reddish and dull greenish gneissic rock, seemingly highly altered 
and even microporphyritic ; but seen under the microscope a frag- 
mental structure is at-the first glance as conspicuous as in any of 
the No. I. series. At the same time, a more careful study gives 
rise to doubts as to whether this resemblance may not be illusory 
as regards its origin, and whether we have not here an instance of 
one of the older series locally crushed. At first I inclined to regard 
it as a member of the newer series; but repeated examination has. 
produced considerable doubt on this point. Probably the question 
could be settled by cutting a series of slices from different parts of 
the block; but as I learn this is not a matter of great importance, 
I have thought the expense needless, and must leave the matter 
in uncertainty. 

10 (shore of Loch Carron, north of Jeantown). A dark, rather 
heavy, moderately fissile mica-schist. Microscopically it exhibits 
brown mica in addition to that described above, contains little fel- 
spar, but some garnets, and appears to have undergone considerable 
compression at right angles to the planes of foliation. It has a 
good deal in common with the last three, but seems yet more 
highly altered. It reminds me much of a mica-schist which I have 
described and figured from the head of Glen Docherty. 

11 (Glas Bheinn). This consists of a dull green hornblendic or chlo- 
ritic mineral, parted by irregular cherty layers of variable thickness. 
The green mineral proves to be a well-crystallized hornblende, with 
characteristic cleavage. The cherty layers consist of grains of 
decomposed felspar crowded with micaceous films and granules of 
andalusite (?) and of quartz. The rock is much metamorphosed : 
but there has evidently been local crushing, infiltration, and secon- 
dary change to such an extent that it is difficult to say whether it 
is more typical of II. or III. 

12 (valley between Jeantown and Kishorn, near Bridge). A 
handsome pale reddish augen-gneiss, the ‘“‘ eyes ” being of felspar, and 
the ground-mass rather compact-looking. Macroscepically one would 
not hesitate to refer it to series II.; but microscopically the struc- 
ture differs from what one expects: in a ground-mass of quartz and 
a very pale brown mica, together with a few felspar granules, occur 
irregular grains of felspar; the edges of these are, indeed, as it 
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were, fused with the ground-mass, and the granules of it one with 
another. Here, indeed, we seem to have a record of an original 
structure; and it is noteworthy that the felspar closely resembles 
that occurring, certainly in derivative fragments, in group I. Still 
I think the rock, on the whole, is nearer to I1.* 

13 (a mile south of Strome, on road to Duncraig). Like 11, this has 
undergone so much crushing and recementation that it is difficult to 
come to a conclusion about it. The felspar is crowded with mica 
films and secondary minerals, some possibly fibrolite. 

14 (shore of Loch Carron, south of Strome Ferry). A compact 
rather flagey dull green and reddish schist, consisting microscopically 
of quartz and the usual mica with microliths of hornblende, and 
occasional larger grains of felspar and quartz. Structurally this 
rather resembles series I.; but the alteration is considerable, so that 
field evidence must decide whether it be grouped with it or with II. 

15 (at Strome Ferry). A dull green slightly schistose rock rich in 
hornblende. Microscopically it consists of quartz and hornblende— 
the latter well cleaved, but irregular in external form, with a fair 
amount of sphene, a little felspar and numerous secondary micro- 
liths, aluminous and magnesian. On the whole I think this most 
resembles II. 

16 (the same locality). A dull green slightly schistose rock, streaked 
with pale red and yellowish green. Microscopically it consists mainly 
of quartz, hornblende, and epidote, often ratherimpure. For mineral 
condition cf. No. 15. The rock has been crushed, which at any rate 
partly, perhaps wholly, accounts for its fragmental aspect. 

17 (the same locality). A claret-red schistose rock, with little 
whitish specks. The general microscopic structure resembles No. 
4; but there is less quartz, a good deal of ferrite, and considerable 
evidence of decomposition. 

At Dr. Hicks’s request I have paid particular attention to the 
structure of these rocks (13-17). They present similar difficulties 
to No. 12; but on the whole I think they group best with IL., though 
here and there one seems able to identify original constituents 
more easily than is usual in this division. 

18 (hill north of Attadale Station). A reddish, rather compact 
gneiss, poor in mica. Its microscopic structure is thoroughly cha- 
racteristic of series IJ.; it contains two kinds of mica (neither 
abundant), a very few garnets, and a little epidote. 

19 (north side of Attadale Valley, near Farm). Macroscopically 
and microscopically very like No. 10, but perhaps a little more altered, 
so that we may with more confidence group this with II. A little 
epidote is present. 

20 (roadside, east of above). A moderately fine-grained gneiss, 


* Since writing the above, I have had the opportunity of examining another 
rock from this group, a rather compact-looking pinkish gneiss. Here, too, 
the rock, while macroscopically and, in some respects, microscopically, resembling 
series IT., has certainly a fragmental aspect. Though the evidence is not decisive, 
I strongly incline to consider this aspect illusory and indicative only of subse- 
quent crushing, and to refer both the rocks to the older series. . 
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slightly porphyritic, of series Il. ; almost identical with rocks I have 
described from Ben Fyn. 

21 (towards upper end of Attadale Valley, north side). A finer, 
less micaceous gneiss ; but microscopically it has only varietal diffe- 
rences from No. 20, so II. 

22 (Ben Nan Tom, head of Loch Shiel). A heavy black horn- 
biende rock, with a parallel structure resembling one extremely 
metamorphosed. Under the microscope it exhibits numerous dark- 
ereen hornblende crystals, well cleaved and sometimes affording 
definite external faces; with these are brown mica, sphene, and 
grains of quartz, and of a plagioclase felspar, which has a rather 
large extinction-angle. The structure of this rock reminds me 
strongly (except that garnets are absent) of one described from Ben 
Fyn which was certainly intrusive; and I cannot help suspecting 
it, notwithstanding its gneissic aspect, to be really a diorite. 

23 (Ben Nan Tom). A handsome, rather coarse, pinkish and dull 
greenish gneiss. Consists of quartz, felspar and dark mica, with a 
little epidote, apatite, and garnet. The mica is partly replaced by a 
dull-green chloritic mineral ; and between its cleavage-planes are 
occasional plates of a clear felspathic mineral. The curious ver- 
micular or micrographic structure often noted in highly altered 
gneisses is present in parts of the slide. JI should unhesitatingly 
class this with III. 

24 (Druim na Saille, head of Loch Hil). A fine-grained gneiss of 
the same type as 20, and, like it, a good example of II.; contains 
sphene, epidote (?), and, I think, a little apatite. 

25 (Kilmallie, Loch Hil). A brownish silvery mica-schist. Ex- 
amined microscopically, it shows so much felspar (rather decomposed) 
as to make the term gneiss more correct; both brown and white 
mica are present; the former a little altered. The micas are some- 
times interlaminated, and the brown exhibits the inclusions noted in 
No. 23; some apatite is present. Decidedly I. 

26 (shore of Loch Kil, west of Kilmallie). A rather compact dull 
green rock. Consists microscopically of a plagioclastic felspar, with 
large extinction-angles, often much altered, and rather pale hornblende. 
There has been a little brown mica ; ; and there is a fair quantity of 
sphene. I have no doubt the rock is an igneous one, and, as I regard 
the hornblende as a secondary product, name it a hornblende- 
diabase. 

27 (Banavie). A reddish felspathic granitoid rock. Microscopi- 
cally consists of quartz, felspar (orthoclase, microcline, and a plagio- 
clase), with a little rather decomposed brown mica. The structure 
is somewhat exceptional ; and I have had doubts whether this may not 
be a granitoid gneiss, but on a single slide, and without field- 
knowledge, will not venture to express a decided opinion. 

28 (road to Duncraig, from Strome). A flaggy hard mudstone, 
looking little, if at all, metamorphosed. Under the microscope 
clastic quartz, felspar, and mica are very distinct; but there is a 
considerable quantity of very minute “ sericite,” which gives to the 
rock a microscopic foliation ; this implies a certain amount of meta- 

N 2 
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morphism and may possibly suffice to enable us to group it with I. 
Its materials, however, are undoubtedly derived from the same source 
as those which have already been described in this group. 

29 (near Duncraig). A darker and less flaggy rock, also appearing 
but little altered. Microscopically seems to be composed of the same 
materials, but with less sericite. The smaller quartz-granules are 
agelutinated ; and the rock may with less hesitation than in the last 
case be called métamorphic and grouped with series I. 

30 (near Balmacarra Hotel). A dull red mudstone, seemingly 
little altered. With the microscope a certain amount of meta- 
morphism is perceived, as in the last case; so that it, too, may be 
grouped with series I. There is rather more “sericite” and ferrite: 

31 (Glen Logan). A black compact limestone. This, under the 
microscope, is more completely crystalline than I should have ex- 
pected. It is somewhat dolomitic, exhibits no trace of organisms, 
and contaius a fair amount of opacite (graphite?) in scattered 
granules and streaky clots. I should expect to find it associated 
with rocks of the series I. type. 

32 (Loch Kishorn). A dull-coloured compact limestone, traversed 

by numerous, irregular, thin, cherty veins. Under the microscope 
it appears to be an intimate mixture of calcite or dolomite with a 
microlithic mineral, probably quartz. The cherty veins are chalce- 
donic quartz. I should suggest that this also belongs to series I. 
group. . 
In conclusion I may perhaps be allowed to state that I wrote 
the rough draft of these notes in ignorance of the bearing of 
the specimens upon any theoretic views entertained by Dr. Hicks ; 
that, upon sending it to him, my remarks upon the amount of meta- 
morphism accorded, in the great majority of cases, with what his 
stratigraphical arrangement demanded, and differed only in a few 
instances where I myself was very doubtful, and had left an opening 
for further consideration. I know very little of the district ; so that 
these notes are strictly. lithological, and -I have thus offered no 
opinion as to the geological age of the different series. As to the 
vexed question of the correlation of the metamorphic rocks of Scot- 
land,,I would, at present, rather say no more than this—that having 
regard to the teaching of Wales, Cornwall, and the Alps, very clear 
evidence will be needed before we can accept the dominant rocks of 
the Central Highlands as of Lower Silurian age. 


EXPLANATION OF PLATE VI. 


Map showing the Archean and overlying rocks of parts of Ross- and 
Inverness- shires.—Scale 4 miles to 1 inch. 
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Discussion. 


The Prestppnt remarked upon the importance of the question 
discussed in the paper. 

Mr. Huptzsron agreed with the author in regarding the Glen- 
Docherty beds as presenting important points of difference from 
those lying to the eastward. He believed that in Assynt the ap- 
- pearance of the dolomitic limestone passing under the peculiar 
gneissic rock which the older geologists had described as igneous, 
was due to the folding over of a really lower gneiss. On the other 
hand, as tending to remove the @ priori objections to the possibility 
of the “upper gneiss” being of Silurian age, he referred to the 
important discoveries made by the Norwegian geologists as to 
the metamorphism of fossiliferous rocks—a view also supported vy 
M. Renard. 

Prof. Bonney described the three types which he had recognized 
in the specimens sent to him by Dr. Hicks and by other observers, 
and pointed out the probable cause of the occasional difficulty in 
distinguishing them. As regards the Norwegian instances of 
metamorphism mentioned by Mr. Hudleston, he thought that, 
remembering how faults, overturns, and simulation of older rocks in 
new rocks made of their materials, had in the past misled geologists, 
we should be wise to be sceptical as to the more startling conclusions 
of the workers whom he had named. As regards Prof. Renard, he 
thought there was some misconception—the Franco-Belgian rocks 
on which he had written were but slightly metamorphosed compared 
with most of the Highland schists. 

Dr. G. J. HuyveE stated that the Highland rocks exhibited by the 
author greatly resembled the Laurentian of Canada. 

Prof. SreLey asked as to the evidence on which the faults had 
been inserted on the map. 

Mr. Torrey asked whether the author regarded the pebbles in the 
conglomerates as derived from the eastern or the western area. 

The AvrHor, in reply, said that he regarded some of the eastern 
and western series as the same. ‘The faults were indicated by a 
total and sudden change in the characters of the rocks, as proved 
by microscopic examination and also by stratigraphical evidence. 
He remarked on the complete absence of fossils in the supposed 
altered Silurian rocks of the Highlands. He believed that the 
Norwegian geologists had fallen into error in the interpretation of 
their sections, some of which they confessed were equally to be 
explained by inversion of the strata. The few cases cited by them 
could, however, have very little bearing on the large question touched 
upon in the present paper. The pebbles in the conglomerates varied 
usually in accordance with the rocks upon which they reposed. 
Some showed clearly that rocks of the eastern types had yielded the 
materials. 
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12. On the Fosstn Mapreporaria of the Great Ooxrte of the Counties 
of GuovcesteR and Oxrorp. By Roser F. Tomzs, Esq., F.G.S. 
(Read January 24, 1883.) 


(Puate VIT.) 


Inrropvction.—I have already in two communications brought 
before the notice of this Society some new or imperfectly under- 
stood Madreporaria from the Lias and Inferior Oolite, and have at 
the same time made additions to our knowledge of their strati- 
graphical distribution as well as to the localities where they have 
been met with*. 

In the present communication I propose to continue the series of 
papers on the same-subject, in ascending order, and furnish some 
particulars not before noted respecting the Madreporaria of the 
Great Oolite of the counties of Gloucester and Oxford. 

The following genera now appear as new to the Oolite of this 
country. Bathycenia is a new genus, and contains two species, 
which appertain to the family Astraeide and the subfamily Kusmi- 
line. Havia, Astrocenia, Hnallohelia, and Tricycloseris are ge- 
nera already established, the appearance of which in the Oolite of 
this country is now for the first time recorded. Two other genera 
already made known by me as occurring in the Inferior Oolite are 
here added to the list of genera of the Great Oolite. They are 
Confusastrea, which is represented by two species, and Oroseris, 
which contains only one. 

In my paper on the Madreporaria of the Inferior Oolite of the 
neighbourhood of Cheltenham, read before the Society in May last 
yearT, I found it necessary to make some reforms in the nomen- 
clature of certain species. This resulted from a more extended 
investigation into their mode of growth and increase; and it was 
seen that the two very dissimilar processes, fissiparity and gemmation, 
had been sometimes confounded. Thus the usually accurate obser- 
vation of MM. Edwards and Haime failed, in the so-called Theco- 
smilia gregaria, to distinguish between them; and the error of 
supposing that the species increased by division was continued by 
Prof. Duncan and myself. A few additional remarks will not be 
undesirable at the present moment. 

M. de Fromentel, who calls especial attention to the necessity of 

, distinguishing between fissiparity and gemmation, observes that the 
latter process produces corallites which have a new and distinct 
wall, whereas the corallite which is the result of fissiparity is not 
similarly enclosed, even when it has become separated from the 
parent calice. My own investigations have led me to a somewhat 
modified conclusion ; for I believe that when gemmation takes place 
in species having serial calices, the young corallite is not similarly 


* Quart. Journ. Geol. Soe. vol. xxxiv. p. 179, and vol. xxxviii. p. 409- 
Tt Quart. Journ. Geol. Soc. vol. xxxviii. p. 429. 
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circumscribed. Illustrations of this may be seen in Chorisastrea 
and Phyllogyra. 

The operation of fissiparity has been very clearly explained by 
Fromentel, and shown by him to be performed in two very distinct 
ways. In the one the calice is divided into two or more parts by 
the gradual approximation and union of two or more opposite septa. 
This is fissiparity in the strictest sense of the word, and it cannot 
be confounded with any other process. In the other process of fissi- 
parity a gradual elongation of the calice first takes place, not merely 
by the extension of the ends of the septa, but also by the lengthening 
of the fossula—let me say, for the sake of perspicuity, in a direction 
north and south. Constriction of the calice then takes place in the 
opposite direction, that is to say, east and west. At this period the 
calice makes some approach in form to the figure 8; and by degrees, 
as the constriction continues, the calice is, so to speak, pinched in 
two and the division is complete. It is this process of division 
which has been confounded with gemmation; and in massive serial 
corals the two methods of increase are so very similar in appearance 
that it is not at all easy to distinguish the one from the other. To 
fully understand the distinction here mentioned, it is necessary that 
fissiparity and gemmation should be studied at every period during 
their progress; and when that cannot be done, the chances of an 
erroneous conclusion will be very great. 

The species mentioned in this paper to which these observations 
will apply most fully is the Chorisastrea obtusa, which, until 
removed by me from the genus Yhecosmilia, was regarded as a 
fissiparous species. 


Stratigraphical Position. 


The highly interesting and valuable collection of fossil corals 
which has contributed so largely towards the material for the 
following paper, consists of a beautiful and extensive series of 
specimens in the possession of my friend Mr. T. J. Slatter, F.G.S., 
of Evesham. They were collected near Fairford, Gloucestershire, 
by his sister, Miss Slatter, whose attention was first directed to them 
by the appearance of numerous corals scattered over the surface of a 
ploughed field. Subsequently a great many unworn and beautiful 
examples were obtained from excavations made for the purpose of 
coliecting specimens. 

I learn from her that some of these passed into the hands of Mr. 
Brown, of Cirencester; and that gentleman, in a communication 
received some time since, informed me that many of the corals in 
his collection spoken of as having been obtained at Cirencester, 
really came from Fairford. It is more than probable, therefore, that 
some of those described and figured by Prof. Duncan, and stated to 
be in Mr. Brown’s collection, originally formed part of the Fairford 
collection. 

Wishing for fuller information respecting the nature and strati- 
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graphical position of the bed from which these fine specimens had 
been taken,.Mr. Slatter, in answer to my inquiries, informed me 
that the deposit was determined by Mr. John Jones, of Gloucester, 
to lie between the Forest Marble and the Cornbrash. Itis mentioned 
by Dr. Lycett, in his little book on the Geology of the Cotteswold 
Hills, and stated on the same authority to lie at the base of the 
Cornbrash. Mr. Slatter further informs me that “the matrix in 
which the corals are imbedded is a curious white marly clay, much 
resembling the softer portions of the oolite marl of the Inferior 
Oolite.” No jumps of stone or rubble of any kind appear to have 
been associated with the corals. This fine-grained deposit was 
found to lhe about three feet from the surface, and was itself about 
a foot in thickness. In it the corals occurred so abundantly that a 
large number could speedily be obtained by excavating. That the 
matrix was eminently fitted for the preservation of the corals is 
evident. In many specimens which have undergone no other 
cleaning process than brushing in water, the details of all the 
external parts are so fully retained that they can be studied with as 
much ease as the same parts of a recent coral. But internally, as 
is the case with so many corals of the Great Oolite, the parts are so 
much altered by fossilization that structural characters cannot be 
observed. 

Near to Burford, in Oxfordshire, by the side of the road leading to 
Shipton-under-Whichwood, at a place called on the Ordnance Map 
Caps Lodge, is a quarry in the Great Oolite which has supplied the 
following section :— 


ft. in 
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5. A white and yellow mudstone, some- Isastrea limitata, I. explanu- 
times very soft, but held together lata, Latimeandra lotharinga, 
by shells and corals: 5.5....0ii..<ahans 1 6 Cladophyiiia Babeana, Con- 


veacastrea Walton, Stylina 
conifera, Thamnastre micro- 


phylia, Microsolena excelsa. 
6. Hard stone like No. 4, and having Reduced shells in great 


the character of true Great Oolite 5 O abundance. 


The bed No. 5 in this quarry abounds in corals; and the walls 
around the premises near it, which are built with unhewn lumps of 
the coral bed, have Jsastrew and Thamnastree projecting from 
them in great abundance. The general facies of the corals at this 
place much resembles that of the Fairford corals. 

About ten or twelve miles to the north-west of this quarry* is a 
cutting in the Great Oolite, on the Banbury and Cheltenham rail- 
way, between Bourton-on-the-Water and Cheltenham, at a place 
called Aylworth, in which is a thin seam of corals lying immedi- 


* North-west by west. 
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ately upon the Stonesfield slate. The specimens are not here nume- 
rous either as species or individuals. ‘ 

Another and a very instructive coralline deposit in the Great 
Oolite may be seen and examined in the railway-cutting near to 
Stonesfield. This is no doubt the section mentioned by the late 
Prof. Phillips as having, “for short distances, bands of coral and 
nests of Nerinea and other shells, but rarely any approach to ‘coral- 
reef, or extended shell-bed”*. A diligent search for corals in this 
cutting, however, has been the means of discovering a rich coral-bed, 
the position of which, as well as the species it contains, is shown in 
the following section :— 


ft. in. 
1. Shattered oolitic stone with surface- 
SOiL ON: CHE DOPrss-scccevea Sop teaueee 6 0 
2. Whitish shale and clay containing ? 
nodular layers of stone ............... 5 0 
3. Oolitic stone in layers, separated by 
thin beds of soft shale ............... 10 O 
4, Dense ooliticstone, verylightincolour 2 6 Shells in great numbers and 
much comminuted. 
5. Blocks of compact mudstone, some- Isastrea limitata, I. gib- 
DSSS) S10 HE) aaa BAe cree Meme 2 0 bosa, Cryptocenia Pratti, As- 


trocenia Phillipsi, a Montli- 
valtia, Thamnastrea Lyelli in - 
great abundance, and Microso- 
lena excelsa, Anabacia compla- 
nata, Thamnastrea mammosa. 


6. Soft blue clay, very irregular in de- A small species of oyster, 
velopment, and in the middle a probably Ostrea Sowerbyi, in 
thin layer of hard stone which is very great abundance. Mytilus 
almost wholly composed of the sublevis. 

Ble ByOE OSUCe™ asi. stdoudsn bau duas a0 

7. Rubbly soft yellow stone............... Bow Cyathophora Bourgueti very 

abundant. 


8. Dense fine white stone, not oolitic... 1 6 Nerinega Hudesii, very abun- 
dant, and another species; As- 
tarte angulata, Cardiwm lingu- 
latwm. 

9. Oolitic stone in thick blocks, form- 

ing the bottom of the cutting ...... 8 0 5 


The following Mollusca and Brachiopoda have been obtained by 
my friend Mr. T. J. Slatter from this cutting; and most likely they 
occur in beds 4 and 5:—/bula variata, F. eulimoides, Natica 
Michelini, Nerita minuta, Phasianella tunida, Delphinula discoidea, 
D. alta, Solarium varicosum, Leda mucronata, Terebratula globosa, 
T. intermedia, and Rhynchonella concinna. 

Cypricardia rostrata and C. nuculiformis have also been collected 
there, probably from bed No. 8. All the above having been taken 
from the débris, their precise position can only be ascertained 
by the appearance of the matrix in which they are imbedded. 

All these beds overlie the Stonesfield Slate, which is under the 
line of railway. The singular species Cyathophora Bourqueti occurs 


* Geol. of Oxford and the Thames Valley, p. 151. 
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in great plenty in bed No. 7, and is, apparently, the only coral in it, 
and so far as ‘I at present know, is restricted to it*. The great 
difference observable between the bed which is so rich in corals and 
which overlies the blue clay, and the one on which the clay rests 
and which contains only its one peculiar species, would seem to 
indicate that a complete change of conditions came in with the 
deposition of the clay, which was fatal to the one abundant species 
in the bed beneath it, and that with a return to the conditions 
suitable to the production and growth of corals other and quite dis- 
similar forms made their appearance. These forms evidently con- 
tinued and throve during the period when the whole of the Great 
Oolite was in process of deposition, as will be seen on reference to 
the comparative table which I give (at pages 173 and 174) of the 
species from the several localities mentioned in this paper. 

My friend Mr. Beesley, of Banbury, has made known, in his valu- 
able paper on the “‘Geology of the Eastern portion of the Banbury 
and Cheltenham Railway” 7, the existence of a well-defined coal-bed 
in a small cutting in the Great Oolite on Rollright Heath. Nine 
beds are given as occurring there; and the seventh in descending 
order contains many corals. Of this section Mr. Beesley observes, 
‘The section reminds one of the same beds exposed in the lower 
part of cuttings on the West Midland Railway (now Great Western 
Railway) at Stonesfield and North Leigh, which the Association 
visited under the guidance of the late lamented Professor Phillips 
three years ago.” 

I have several times visited this locality, and secured from the 
cutting a very interesting series of corals, and have also seen and 
examined many others collected there by Mr. Beesley, Mr. HE. A. 
Walford, and Mr. James Windowes, of Chipping Norton. Probably 
therefore I am acquainted with the greater part of the species which 
occur there. 

There are some other places in Oxfordshire where Great-Oolite 
corals may be met with, but where no section is observable. Steeple 
Barton, which has been known since the time of Dr. Plott for its 
fossil corals, is one of these; and Glympton, which is a village in the 
same district, has supplied a good number of fine specimens. At 
both these places the corals lie scattered on the surface of the ploughed 
fields. Near to North Leach, in Gloucestershire, I have also observed 
Great-Oclite corals scattered over a ploughed field. 

The only remaining locality of which I shall speak is Epwell, 
near to Brailes, where I discovered in the bottom of a quarry, some 
years since, some large and highly coralliferous masses which had 
been tumbled down by the quarrymen. The corals which I obtained 
there were enclosed in a cream-coloured layer attached to a bed 
which, from its lithological character, I took to be Stonesfield 
Slate. 


* The same species appears and is pretty common in a “rifted” bed which 
immediately overlies the Inferior Oolite, in the railway-cutting at Hook Norton, 
Oxfordshire. , 


t Proc. Geol. Assoc. vol. v. no. 6. 
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I shall only attempt to correlate the coralliferous beds of these 
several localities so far as to show that they are not all on the same 
horizon. 

Assuming that the Fairford coral-bed hes at the base of the Corn- 
brash, of which there can be but little doubt, the Burford one must 
be regarded as of a somewhat earlier date, as it is unquestionably 
below the Forest Marble. Both are, however, in the upper division 
of the Great Oolite. It is probably from about the same horizon as 
the Burford coral-bed that the Great-Oolite corals of the Bath dis- 
trict have been obtained, the late Mr. C. Moore having assured me 
that a great many of them were taken from beds which were the 
equivalent of the Bradford Clay. 

But the coral-bed in the railway-cutting near Stonesfield is ob- 
viously of an earlier date than those above mentioned ; for it lies 
under the beds constituting the great mass of the middle division of 
the Great Oolite. These may be seen well exposed in a quarry a 
little southward, while to the north of the railway are the exca- 
vations for the underlying Stonesfield Slate. The band of corals in 
the railway-cutting at Aylworth lies directly upon the Stonesfield 
Slate. 

As already stated, the bed of blue clay underlying the coral layer 
at Stonesfield, and which is evidently an ancient oyster-bank, com- 
pletely separates the overlying corals from the one solitary species, 
Cyathophora Bowrgueti, which underlies it. And it may be further 
observed that although in the Rollright cutting, which is certainly in 
the lower part of the Great Oclite, the same underlying solitary coral 
does not occur, nevertheless it does appear in another cutting not 
far from Rollright in the same unassociated way, and in a position 
consistent with the bottom of the Great Oolite. This is, as I have 
already stated, at Hook Norton, in what has been denominated the 
‘“‘rifted ” bed, resting upon the Inferior Oolite, with which it has 
sometimes been classed. 

Assigning, therefore, to the above species, Cyathophora Bourgqueti, 
a place quite apart from that of other Great-Oolite corals, the other 
species may be tabulated as follows :-— 


eee ae 

Enallohelia clavata ............ Boel Acg) Perse i Ae ag er etl tere wl oe 
Bathyccenia Slatteri ............ pM Sacha eten ly sae It cae dla oF 

SOMO stab. sn acoso Sr canil eheseau ec 
Cryptoceenia Pratti............ oe PRS A een ae 

EUUGPOBE  csinscecceancdeeees Sea cos Git emer eee eee nl Ie 
—— microphylla ..... ......... Bebe ie es eee ris en 
Stylina conifera: ..)...c2.c.cdie Sail ae SEALs oF ite Oe 

10101) FG ae ae Re TA Se bie wea Umea Mee Pare taser Dil sie T| o> 36 
Convexastreea Waltoni......... PE Pe || cl en ieee? 
Montlivaltia Slatteri  ......... sh Mes Ns ci ol eel Mie al aan Ma 

fairfordensis. ......225<<: cb Nate 2 le ea a 

earyophyllata ............ ean eee rae He Se ok i OE 
Calamophyllia radiata ...... Je 3) hl oak i 
Thecosmilia Slatteri............ ee eames ctl RO | o.oo Tae 
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LS De Seale) OE a 
Cladophyilia Babeana ......... creel Rae abe ad ieee teal 
Confusastrexa magnifica ...... seni eesiat weceithy seth peel cee 
Tsastraea limitata ..............- a ere Bl ae Ne Saag ee 
PIMOS s cgadeee cusseteeens Sorel Recall. | 0GES NPL Cen tee eae me 
microphylla) -seeeceesees.ee sha lA ae alte se 
LEYS IF ae yen aetna ctl settee tle A aces | ake * 
explamulatia ......cec-as0s aid pcan cfNI EAR Sec Alka * 
Latimeandra lotharinga ...... si bests Se ia % 
Chorisastreea obtusa............ soa MN Cigale ay Oe % 
Astroccenia Phillipsi............ vet. '| one healt ee BIE 
Anabacia complanata ......... Pmt econ % 
Tricycloseris limax .......... silt duis iliaseciyill samen slice) cee fein EE 
Thamnastrea mammosa ...... sees | een) wee ol Ace fase! See 
liyelivOR CS Scnerce ces otecce bok reve tl” seen Pee * 
— Waltoni .................. cael, el MER ee * 
—— microphylla... ......2:0: eiey (i reeiee ite tally oieoaly aa 
Oroseris Slatterie «....sacc-eter. 4 * 
Comoseris vermicularis ... .. Sse a 
Microsolena excelsa ............ cat | eee | ORE SI \ae: S| ese? «een Ui 
——=- repularis® .....2...ceeeceds CPE ec a a | iran err ce | 


Column no. 1 includes the species found at Glympton, no. 2 those 
from Epwell, no. 3 those found in the Rollright cutting, no. 4 the 
Stonesfield species, no. 5 the Burford ones, no. 6 those from Ayl- 
worth, and the 7th and last column is devoted to the Fairford corals. 

On looking over the foregoing lists of species it will very readily 
be observed that there is a strong general resemblance existing 
between those from all the localities given. This remark will 
apply to both genera and species. One species, Jsastreea limitata, 
is recorded as occurring in six out of the seven localities; while 
Microsolena excelsa and Thamnastrea Lyell, have been observed 
in four of the seven; and Cladophyllia Babeana and Thamnastrea 
mammosa have been taken from three localities. 

Bearing in mind the great general similarity of the species in 
these lists, and remembering also that they occur in beds occupying 
very different stratigraphical positions in the Great Oolite, we are un- 
able to conclude that these coral-beds are any thing more than the 
repetition of each other, and that no satisfactory division of the 
Great Oolite could be made by means of the coral-fauna. In this 
respect it differs much from the Inferior -Oolite, the coral-beds in 
which, as I have elsewhere shown, contain each a own assortment. 
of species. 

It may perhaps be well to observe that as we guraneed from Fair- 
ford to Burford, and thence to Stonesfield and Rollright (that is, in 
a more or less northerly direction), these coralline deposits occur in 
-regular gradations lower in the series of the Great Oolite. To this, 
however, very little importance must be attached, as we cannot as- 
sume that deposits of corals may not have existed above those of 
Rollright and Stonesfield, or that they do not now exist, hidden in 
the strata, below those of Burford and Fairford. 
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-ZOANTHARIA APOROSA. 


Family OCULINIDZ. 
Genus EnaLtonetta, d’Orbigny. 


M.de Fromentel, in his general work on Fossil Corals (Introduction 
4 Etude des Polyp. Fossiles), makes an important addition to the 
definition of this genus by MM. Milne-Edwards and Haime, as given in 
their ‘Histoire Naturelle des Coralliaires,’ in the following words :— 
*‘Cloisons subenticres et présentant des lobes paliformes prés de la 
columelle.” The species I have now to describe appears to fall under 
this definition of the genus pretty accurately ; but I have failed to 
notice this peculiarity of the septa in specimens of either Hnallohelia 
compressa or H. elegans from the Corallian of Nattheim. Nor has 
M. de Fromentel himself, in the figure of EH. minima*, given the 
least indication of a paliform lobe near the columella. 


ENALLOHELIA cLAvATA,n. sp. Plate VII. figs. 12-14. 

The branches decrease in size as they ascend, but very gradually. 
They are smooth, but are regularly furnished over the whole of their 
surface with regular and delicate papille ; and the mural costs are 
only observable near the margin of the calices, where they correspond 
with the septa. 

The calices (fig. 14) are irregularly alternate in their position; they 
have a diameter equal to that of the branches, and are prominent. 
They are round and rather deep. 

The columella is small, irregular, and has little prominence. 

The septa are in six systems; and there are three cycles. Those 
of the primary cycle are of nearly equal thickness throughout, and 
approach very near to the columella, where they terminate in a 
pillar, which, when seen from above, looks like a rounded knob, and 
gives to the upper margin of the septa the appearance of a club. 
Their sides are ornamented with very distinct vertical ridges, which 
resemble the ridges seen on the septa of a great many of the Astrwide ; 
and their margins are subentire. The secondary and tertiary septa 
are nearly of a length, which is about half that of the primary 
ones. Neither the secondary nor the tertiary septa have the club- 
shaped termination observed in the primary ones. 

Diameter of the branches 13 line to 3 lines. 

This species bears a little resemblance to #. minima, Fromentel, 
in having six primary septa; but it has three cycles instead 
of two. From H. minima it differs by the presence of a paliform 
tooth or club-shaped termination of the septa. Z. crassa and &. 
elongata of Fromentel have only two cycles of septa, while the 
present new species has three. 4. crassa, however, has the septa 
denticulated near the columella. 

In four instances only has this species been met with at Fairford, 
where it was obtained by Miss Slatter. All are fragments. 

But at Broughton, near Banbury, in a quarry in the Great Oolite, 


* Polyp. Cor. des environs de Gray, pl. viii. fig. 7. 
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I met with a specimen as long ago as in 1859, which, though too 
crystalline to admit of internal examination, yet has the external 
form well preserved, and shows that it was a thick and bushy species, 
and probably attained to a considerable size. 


Family ASTRAIDA. 
Subfamily HusMILIN&”. 
Genus Barayca@nia, n. g. 


The corallum is composite, compact, turbinate, and attached; and 
' the corallites are intimately united by their walls. 

There is a common investing wall, which is costulated and some- 
times has bands of rudimentary epitheca. 

The calicular surface is superior and convex. The calices are more 
or less pentagonal or rounded, and deep. The septa are entire, 
thin, and project but little into the calice ; and when they meet those 
of other calices at the top of the wall they rise. into obtuse points. 
The primary ones meet in the bottom of the calices and form a 
rugged columella. At the angles where two calices meet, the walls 
are elevated into a kind of obtuse peak. The increase is by gemma- 
tion, which takes place only at the obtuse points just mentioned. 

There is considerable resemblance between this genus and some 
species of the genus Stylocenia, as S. emarciata; but it is wholly 
unlike other representatives of the genus, such as S. monticularza. 


BaTHYC@NIA SLATTeRI, n. sp. Plate VII. figs. 1, 8. 


The corallum has a depressed turbinate form, and was attached 
by a small surface, which in some instances was slightly pedun- 
cular. 

The common wall is thick, and has broad and slightly prominent 
costee, with occasional and rudimentary bands of epitheca. 

The calicular surface is convex ; and the calices (fig. 8) are penta- 
gonal or hexagonal, but are much rounded by the septa filling up the 
corners near the top of the wall. They are as deep as wide, and have 
rather thin and nearly vertical walls. 

The septa are smooth, and project very little from the walls of the 
calice. At the top of the wall, where they meet the septa of con- 
tiguous calices, they are thickened and rise into obtuse points ; and 
this is more especially observable of those septa which meet at the 
point of contact of three calices. All the septa of the outer calices 
are continuous with the mural coste of the common investing wall. 
There are six primary septa; they are thick and prominent at their 
outer or upper end; but they rapidly become thin and pass down 
the inside of the calice like a thread, and again enlarging as they 
pass across the bottom, unite in the centre and form a distinct but 
rugged columella. 

The septa of the second cycle also pass like threads down the 
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inside of the calice, but are lost halfway down. Those of the third 
and only remaining cycle extend but a very little way down, and 
then thin off to nothing; but they, as well as all those of the other 
cycles, are thick at their upper and outer ends. 

Gemmation takes place in the angles where the calices meet; and 
the young calices have thick subcristiform septa (fig. 8). 

In some examples the common wall is horizontal; and then this 
coral bears considerable general resemblance to Jsastrwa moneta 
from the Cornbrash of Wast near Boulogne. 

The height of the corallum is from nine to twelve lines, and the 
diameter from twelve to eighteen lines. The diameter of the calices 
is from two to two and a half lines. 

At present it has been met with only in the Fairford coral-bed, 
and is by no means common there. 


BaTHYC@NIA sonia, n.sp. Plate VII. figs. 9, 10. 


The specimen consists of a portion only of a corallum, which, 
when complete, had a diameter of several inches, and appears to have 
been somewhat globular. 

The calices are evenly scattered over the upper and convex sur- 
face ; they are small, and nearly circular, but with a tendency to a 
hexagonal form, are rather deep, and regularly cup-shaped inside. 

The septa are thick and subcristiform where they meet with 
those of other calices at the top of the wall; but they speedily 
become thin, thread-like, and straight, and have very little projec- 
tion into the calice. 

There are three cycles ; and the septa forming the first, which are 
six in number, pass over the bottom of the calice and, joining in the 
centre, form asmall but very irregular and spurious columella. Some 
few septa of the second cycle do the same; but others graduate away 
and are lost before reaching the columella. 

The septa of the third cycle are very short, and appear as little 
more than short cristiform ridges across the top of the wall. 

The calices have a diameter of one line to one line and a half. 

I know of only one occurrence of this species. It was found by 
Mr. J. Windowes, of Chipping Norton, in the railway-cutting near 
Rollright, Oxfordshire, and very obligingly given by him to me. 


Genus ConvExAsTR#A, d’Orb. 


The existence of this genus in England was for a long time to me 
a matter of some doubt, no satisfactory confirmation of its occurrence 
(as stated by MM. Milne-Edwards and Haime) haying appeared. 
The doubt was due entirely to the particular condition or state of pre- 
servation of the specimen from which the magnified representation 
was taken*. A comparison of that figure with the figures of 
Convexastrea sexradiata given by Goldfuss , or of C. regularis of 


* Brit. Foss. Cor. p. 209, tab. xxiii. figs. 5, 6 (1881). 
t Petrefact. Germ. vol. i. p. 71, pl. xxiv. 
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Klipstein*, or with the representations of casts of C. portlandica t 
and C. dendroideat figured by M. de Fromentel, will sufficiently 
explain what is here meant. 

There is no genus of corals with which I am acquainted which 
presents a greater diversity of appearance, according to its state of 
preservation, than Oonvewastrea; and the only representation I 
have yet seen which gives a correct idea of it in a perfect state 
is the one given by Klipstein of the St.-Cassian species, to which I 
have just referred. All the others have been taken either from 
casts or specimens which have lost their cristiform septal cost or 
were otherwise damaged. These peculiar septal coste are very 
characteristic of the genus, and distinguish it from Cryptoceenia, to 
which it bears considerable resemblance, but from which it also 
differs in not having the summits of the corallites prominent, in 
having the walls hidden, and in having the distal ends of the septal 
cost passing in between the distal extremities of those of contiguous 
calices. In their peculiar form, as well as in their connexion with 
the septa, the costze more nearly resemble those of Holocystis than 
those of any other genus; but the two genera are not otherwise 
similar. 


ConvexastR@A Wartont, M.-Edw. and Haime, Brit. Foss. Cor. p. 109, 
pl. xxiii. figs. 5, 6. 

It occurs, but is not common, in the Great-Oolite quarry near 
Burford, and in the railway-cutting near Rollright, from which 
localities I have collected specimens; and I have a specimen picked 
up from the surface of a field between Bourton-on-the Water and 
Northleach, Gloucestershire, not far from the latter place, 

I have seen corals, supposed to be of this species, which have been 
obtained from the neighbourhood of Stonesfield. These were nothing 
more than much-worn examples of the very common Thamnastrea 
Lyeth. 


Genus Cryproce@nta, d’Orb. 


The peculiar nature of the coenenchyma of the corals of this 
genus is visible in all the species I have yet seen, whether from the 
Oolite or Cretaceous formations. In all of them it forms an important 
_ and conspicuous part of the corallum, filling up completely and 
* symmetrically the intervals between the corallites; and in struc- 
ture it must be regarded as not merely porous matter to fill up 
with, but as a tabulated tissue from the tabule of which the young 
corallites spring. 

In another place$ I have explained my reasons for following 
M. de Fromentel, and regarding the genus Cryptocenia as distinct 
from Cyathophora; of this I shall speak more fully when I come 
to the latter genus. 


* Beit. zur geol. topogr. Kenntn. ostl. Alpen, p. 293, tab. xx. fig. 11. 
tT Polyp. Jurass. Szp. pl. iii. fig. 7. 

¢ Polyp. Cor. des Environs de Gray. pl. xiv. fig. 4. 

§ Proceed. Geol. Assoc. vol. vi. no. 4. 
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CRrYProc@niA TUBEROSA, Dunc., sp.* 


Cyathophora tuberosa, Dunc. Supp. Brit. Foss. Cor. pt. ii. p. 15, 
pl. iu. figs. 15-18 (1872). 

A considerable number of specimens of this coral were obtained 
by Miss Slatter at Fairford; and the greater part of them are in a 
beautiful state of preservation. I think it almost certain that the 
specimen figured by Prof. Duncan was one of those collected at 
Fairford, for reasons which I have already mentioned, and because 
of its abundance there and its recorded absence from the coralline 
deposits in the Great Oolite. 


CryprocenraA Pratrrr, M.-Edw. and Haime, sp. 


Cyathophora Pratti, Edw. and Haime, Brit. Foss. Cor. p. 108, 
pl. xxi. fig. 3 (1851). 


It would seem that this is far from being an abundant coral; for 
MM. Milne-Edwards and Haime speak of having seen only three 
specimens, two of which came from the Great Oolite of Combe Down, 
near Bath, and the other one has no locality assigned to it. I have 
met with three instances only of its occurrence, two specimens 
having been found by me in the railway-cutting near Stonesfield, 
and the third was taken from the surface of a field at Glympton, 
near Woodstock, by the late Mr. Charles Faulkner, of Deddington. 
It was associated with a great number of examples of Jsastraa 
linutata. 

The corals referred by me to this species, in my paper in the sixth 
volume of the ‘ Proceedings of the Geologists’ Association,’ I have 
now reason to believe were incorrectly assigned to it. 


CRYPTOCENIA MICROPHYLLA, n. sp. Plate VII. fig. 2. 


The corallum is massive, more or less expanding, and has the 
upper surface gibbous, and in some specimens rising into dome- 
shaped prominences. 

The calices are rather thinly placed, very small, prominent, and 
have very thick walls. | 

There are two cycles of septa; the primary ones are six in 
number, and extend to about two thirds of the distance to the 
centre of the calice. ‘The secondary septa are merely rudimentary. 
The intercalicular coste are stout, prominent, and correspond with 
the cycles of septa. They are of equal size ; and when opposite those 
from other calices, they do not blend with them; and when placed 
alternately, they might almost be said to interlace with each other. 

The diameter of the calices is about three fourths of a line, and 
the spaces between them about twice that measurement. 

The present species differs from all the Oolite ones I have seen in 
having the calices smaller, the walls thicker and more prominent, 
the second cycle of septa rudimentary, and the intercalicular cost 
of equal size, and not continuous with those from other calices. 

* This species bears so close a resemblance to C. duciensis that it may very 


probably prove to be identical with it. 
Q.J.G.8. No. 154. 0) 
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In the size of the calices it corresponds more nearly with a 
species from the Great Oolite of Bréqueréque, near Boulogne; but 
the latter differs wholly in having numerous thin and continuous 
septal costa. From the C. tuberosa of Prof. Duncan it differs in its 
much smaller calices and rudimentary second cycle of septa. 

It occurs and is common, though perhaps not abundant, in the 
Fairford coral-bed. 

Genus Styria, Lam. 
Sryrina soripa, M.-Edw. and Haime, Brit. Foss. Cor. p. 105, tab. xxi. 
fig. 3. 

Stylophora solida, M‘Coy, Ann. Mag. Nat. Hist. 2nd ser. vol. ii. 
p- 339 (1848). 

A few small specimens of this species have been obtained from 
the Fairford coral-bed, and are in Mr. Slatter’s collection. They 
appear to be somewhat worn, but nevertheless show conclusivelythat 
the calices in the figure given by MM. Milne-Edwards and Haime 
of this species are, as stated by them, a great deal too prominent. 
They are a little larger, too, than they are represented in the figure, 
and have rather thicker septa; otherwise they agree pretty exactly 
with the description and figure of the above-mentioned celebrated 
zoophytologists. 


STYLINA CONIFERA, M.-Edw. and Haime, Brit. Foss. Cor. p. 105, 
tap, xox ie.) 2. 

I have procured this coral in a few instances from the quarry 
near Burford, but do not think it 1s common there, as it is not 
seen in the weathered surfaces of the rugged stones of which the 
surrounding walls are built, and in which so many corals are 
observable. 


Subfamily astTR HIN &, 


Genus Monrrtvattra, Lamx. 

It is rather remarkable that the genus Montlhvaltia, which is 
usually so rich in species in the Jurassic formation, should be so 
poorly represented in the coral-fauna of the Great Oolite. MM. 
Milne-Edwards and Haime, in their great work on the fossil corals of 
this country, gave two species only. This very meagre list of Montli- 
valtice was not extended by Prof. Duncan, in his Supplement to the 
above work, by a single additional species of this genus, though 
several well-marked compound corals were added. To the two 
species (IM. Smithi and M. Waterhousei) made known by MM. Milne- 
Edwards and Haime I can now, however, add three others. One 
of these is the old and well-known M. caryophyllata, the species on 
which the genus was established by M. Lamouroux, and the remain- 
ing two are new. 


MonTLIVALTIA CARYOPHYLLATA, Lamx. Expos. méthod. des gen. des Pol. 
p. 76, pl. lxxix. figs. 8,.9, and 10. Plate VIL. fie de 


Several specimens which I have examined differ from typical 
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examples of WV. caryophyllata only in having the epitheca less regu- 
larly developed, and extending a little higher up the corallum. 
Most of the examples differ also in being a little more upright 
in their growth. 

There is an obvious error in the description given of this coral by 
MM. Milne-Edwards and Haime*. The number of cycles of septa 
given by them is five and part of a sixth. This statement, how- 
ever, has been corrected by M. de Fromentel, who says that there 
are in a large calice as many as 162 visible septa. In the calices 
of those I have examined there are about 108 septa. 


Monriivattia SLATTERI, n. sp. Plate VII. fig. 20. 


The corallum is broadly attached and low, and much resembles 
that of M. Smithi, but differs entirely from it in having the fossula 
linear. There is sometimes, but not always, a constriction around 
the corallum, about its middle, as in M. Smthi. The epitheca is 
strongly developed, and deeply marked with concentric wrinkles. 
It does not extend more than two thirds of the height of the 
corallum. 

The calice is open, a little ovoid; and the linear fossula corre- 
sponds with the greatest diameter. The septa are exsert, and rise 
from the upper margin of the epitheca vertically; and forming an 
angle which is less than a right angle, but which is rounded, they 
pass in a nearly straight, inward and downward line to the 
fossula. They are all extremely thin and delicate; and their margins 
have small and irregular points, which are not thickly placed, and 
become very indistinct towards the fossula. Their sides are orna- 
mented by a number of spots of very irregular form, which have 
very little prominence, and are placed in ill-defined vertical rows. 
These markings on the sides of the septa (fig. 20) are quite sufficient 
to distinguish the present species. There are as many as 130 to 135 
septa, 18 of which extend quite to the fossula. 

The height of the corallum is from 8 lines to | inch 3 lines, and 
the greatest diameter of the calice 1 inch 5 lines. The length of 
the fossula is from 5 to 8 lines. 

It occurs at Fairford, but appears to be rare. 


MonTLIVALTIA FAIRFORDENSIS, n. sp. Plate VII. fig. 21. 


The corallum, when not rendered irregular by rejuvenesence, has 
very much the general form of an Awosmilia, but has a considerably 
elongated calice, and a fossula which is so much extended as to 
occupy fully one half of the calice. 

The epitheca is well developed, but thin and almost without con- 
centric markings. It does not extend to the edge of the calice ; and its 
superior margin is well defined and regular. The septa are exsert ; 
but the calice is deep, and the fossula well defined and open. The 
edges of the septa (fig. 21) are thin and serrated; and the teeth are 
formed by the upper termination of a row of closely placed tubercles, 

* Hist. Nat. Corall. t. ii. p. 303. 
t Paléont. Frang. Terr. Jurass. Zooph. p. 202. 
02 
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of an elongated and somewhat crescentic form, which are placed 
vertically just below the upper margin of the septum. Below this 
row of tubereles no markings of any kind appear, the sides of the 
septa being quite smooth. There are about 104 septa in a large 
calice. . When the upper edges of the septa of this coral have been 
broken off, and the broken edges worn smooth, as is often the case, 
the genus to which it should be referred becomes doubtful; it 
then resembles an Hpismilza rather than a Montliwaltia. A very 
few specimens only have been obtained from the Fairford coral-bed 
by Miss Slatter. 


Genus CALAMOPHYLLIA. 


CALAMOPHYLLIA RADIATA, M.-Edw. and Haime. 


It occurs in the Great Oolite of the railway-cutting near Rollright, 
and at Epwell, between Banbury and Brailes. At both these 
localities it 1s common. 


Genus CrapopuyriiA, M.-Edw. and Haime. 


It is probable that the genus Thecosmilia will have to be sub- 
mitted to division, the very different manner in which fissiparity 
takes place in the bushy and capitate forms (operating in con- 
formity with their variation in form) being of sufficient importance 
for generic distinction. If this division were made, the bush-shaped 
species, such as 7. Martini and TZ. Slattert, would approximate so 
nearly to the Cladophyllie that they would be removed to that genus, 
and there would be no necessity for the creation of a new one for | 
their reception. 


CLADOPHYLLIA Baprana, M.-Edw. and Haime, Pol. Foss. terr. Pal. 
p- 81 (1851); Brit. Foss. Cor. p. 113, tab. xxii. fig. 2 (1851). 


It occurs in the Great Oolite at Epwell, near Banbury, near 
Burford, and at Aylworth on the Cheltenham and Bourton-on-the- 
Water Railway. 


Genus THeEcosmitia, M.-Edw. and Haime. 


THECOSMILIA SLATTERI, ND. sp. 


This is a small and well-marked species, having much the aspect — 
of Cladophyllia Babeana. 

The corallites are free and branching, but crowded and forming a 
short and close bush. They increase by fissiparity quite rapidly, 
sometimes dividing three or four times on nearly the same level ; and 
as some, on the contrary, do so only occasionally, the corallum is 
crowded in some parts, while in others it is quite open. Notwith- 
standing the frequency of fissiparous division, the corallites main- 
tain their cylindrical form, and none of the calices become much 
elongated preparatory to division, as in such species as Thecosmilia 
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trichotoma and T. annularis. In the present species they retain 
their circular outline until two principal septa have met in the 
centre of the calice and divided it in half, or perhaps, as is occa- 
sionally the case, three septa have equally divided it into three 
triangular spaces. 

Externally the corallites are rather rugose, and have a well-de- 
veloped epitheca, marked with irregular circular constrictions, which 
are not, however, the effect of reyuvenescence. 

The calices are rounded and rather shallow. The septa are irre 
gular, owing to the different ages of the calices in near approxi- 
mation to each other, and owing also to the primary ones of some 
systems uniting in the centre of the calice while in others both 
primary and secondary septa meet and run together. They are 
thick, rude, and sometimes decrease in size inwards, while at other 
times they become thicker towards the centre, where a considerable 
number blend together and form a false columella. In some of the 
systems there are three cycles and the rudiments of a fourth; but 
quite as freqently there are only three. 

Tt appears to be not uncommon at Fairford, and is also met with 
near Burford. 

I entertain little doubt that the present species was figured by 
Prof. Duncan, in his ‘Supplement to the British Fossil Corals, as a . 
variety of Cladophyllia Babeana*. 


. Genus Favia, M.-Edw. and Haime. 


Although no revord has at present appeared uf the vccurrence of 
the genus favia in the English Oolites, I have for a long time been 
in possession of a specimen from the Stonesfield Slate. More recently, 
by the kindness of Mr. J. Windowes, of Chipping Norton, I have 
become possessed of a species of this genus which he found in the 
Inferior Oolite of the railway-cutting near Hook Norton, Oxfordshire, 
from which place I have also subsequently taken specimens. But 
before this, I had myself taken a Fuvia from the Inferior Oolite, in 
the excavation made -for iron-ore at Fawler, near Charlbury, 
Oxfordshire. Subsequently, that is during the present year (1882), 
I met with another example in the débris washed tu the bottom of a 
gully on the south side of the valley at Crickley Hill, near Chelten- 
ham. ‘These several examples of the genus have not yet received 
that close examination which is essential for their proper determin- 
ation, excepting the one from the Stonesfield Slate; but they are here 
mentioned as corroborative testimony of the existence of the genus 
in the Jurassic deposits of this country. 


Favia PepuNcuLarA, n.sp. Plate VII. figs. 16, 17. 


The corallum is small and pedunculate and has a subglobular 
and overhanging head. ‘The peduncle tapers downwards to an 
obtuse point, by which it was attached, and is furnished with regular 
and delicate coste. There is no epitheca. 


* Plate iii. figs. 1,2, and 3. 
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The calices are well defined by prominent intercalicular costa, 
which are thick, short, regular, and closely placed. 

The calices themselves are nearly circular, but become more or 
less oblong and irregular in form before fissiparity takes place. 
The septa are rather thin, but fully maintain their size as they 
approach the centre of the visceral cavity. 

There are six systems and three-complete cycles. The first cycle 
joins into the columella; those of the second are two thirds the 
length of the first; and those of the third are only a little shorter 
than the second, towards which they curve. 

Height of the corallum six lines, diameter of the calices from one: 
to two lines. 

The only specimen I have met with came from the Stonesfield 
Slate of Sevenhampton, and isnow in my collection. As fissiparity 
is oniy observable in one calice, and the growth therefore presumably 
slow, there is nothing to support the supposition that, as the small 
size would seem to indicate, it is a young individual. 


Genus Conrusastrma, M.-Edw. and Haime. 


ConFUSASTRHA BURGUNDIZ, M.-Edw. and Haime, Pol. Foss. des terr. 
Pal. p. 98 (1851 


Astrea burgundie, Mich. Icon, p. 106, pl. 24. fig. 4, 1843. 


A specimen in my own cabinet which agrees with the figure 
given by’ Michelin of C. burgundie, excepting that the septa are 
somewhat stouter, was purchased of a dealer with other Great Oolite 
corals, and was said to have been received from Cirencester. I am 
unable to give further information respecting it, except to add that 
it has very much the appearance of a Fairford coral. 


ConFUSASTRHA MAGNIFICA, n.sp. Plate VII. figs. 15 & 22. 


One specimen only of this new and fine species was obtained at 
Fairford; and I describe it as follows :— 

The corallum is globular, and has a short and thick pedestal. 
Nearly the whole of the globular part is calicular. 

The calices are round or oval, and deep; and the septa are exsert 
outwardly, where they form a circular prominence. The space 
between the calices is flat and depressed. 

Thesepta are rather thin, and of nearly equal thickness throughout, 
and have their margins regularly denticulated, each prominence 
being the termination of a rib, which is vertically placed on the sides 
of Pe septa (fig. 22). 

The fossula is scarcely observable, but is a little elongated ; and 

the septa meet, but do not unite, in the centre of the visceral cavity. 

The septal coste are continuous with the septa, and are of the 
same thickness, and connect the septa of one calice with those of 
another. Their margins are furnished with small tubercular denta- 
tions like those of the septa. 

The first and second cycles of septa are of equal length, and meet 
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in the centre; the third is half the length of the first.and second ; 
and the fourth is two thirds the length of the third. 

Height of the corallum 33 inches, greatest diameter 32 inches, 
diameter of the calices 2 inch. 

This species differs from C. burgundie in its globular form and 
in having larger calices, which are much more prominent, and with 
their centres much deeper, and the septa of the first and second 
cycles of equal length. 

A second example of this species was found by me on the surface 
of a field east of the Duke of Marlborough’s iron-works at Fawler, 
near Charlbury, by the side of the road leading from Fawler to 
Stonesfield. It is of smaller size than the Fairford specimen, and 
the septa are thinner. Otherwise the two are very similar. 


Genus Isastrma, M.-Edw. and Haime. 


IsastR@A LimitatTa, Lamx. in Mich. 


This is an abundant species at Fairford, Stonesfield, and Rollright, 
and has been found also in equal abundance at Steeple Barton and 
Glympton, but seems to be less plentiful at Burford, where the 
Isastrea caplanulata occurs in great numbers. 

All the specimens in Mr. Slatter’s collection have an expanded 
form with a thin margin and a more or less gibbous upper surface, 
and are provided with a rugged base surrounded by a strong and 
wrinkled epitheca. but the calices do not differ from those of the 
dendroid or foliaceous varieties which are so common in the Great 
Oolite of Oxfordshire. 


IsasTRHA MICROPHYLLA, Tomes, Proc. Geol. Assoc. vol. vi. p. 158. 


Since the publication of the description of this well-marked species, 
I have examined, by the kindness of Mr. J. Windowes, of Chipping 
Norton, a specimen from the railway-cutting at Rollright. This 
isina good state of preservation, and confirms the characters already 
assigned to the species. - 


IsastrmA Bexstuy1, Tomes, Proc. Geol. Assoc. vol. vi. p. 159. 


Besides occurring in the Rollright coral-bed, from which the type 
specimens were obtained, I can now record the existence of this 
species in considerable numbers in Mr. Slatter’s collection, and add 
Fairford as a locality where it has been found. 


IsastRHA GIBBOsA, Duncan, Supp. Brit. Foss. Cor. pt. ii. p. 15, pl. ii. 
, fies. 10, T1. 


In the Stonesfield cutting this species occurs, though not abund- 
antly, and is there associated with the allied species Jsastrwa limitata. 
The short, thick and strongly ribbed septa, shown in Prof. Duncan’s 
figure, are characteristic of this species. In all the specimens I 
have seen, the outer ends of the septa alternate very regularly with 
those of contiguous calices, and are never continuous with them. 


: 
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This species possesses characters between Isastrea limitata and 
Isasteea explanulata. It also occurs and is common in the Fairford 
coral-bed. 


IsasTRHA EXPLANULATA, M.-Edw. and Haime, Brit. Foss. Corr. p.115, 
tab. xxiv. fig. 3. 


Astrea explanulata, M‘Coy, Ann. Nat. Hist. ser. 2, vol. 11. p. 400 
1848). 

As , the case with Jsastrea limitata, the present coral occurs both 
as a massive and a dendroid form. But the branching variety may 
be regarded as the ultimate, and therefore the most typical growth. 
The calicves on the branches are even more superficial than those of 
the massive variety, and often have no depression whatever, but 
present the appearance of hexgonal patches of crowded septa, raised 
just their own thickness from the surface of the corallum. Their 
outward ends pass in between the outer ends of those of the con- 
tiguous calices. This interlapping of the septa is what I have not 
seen in any other of the Astreeide ; and it led meat one time to place 
this species in another genus. But as it is little observable on the 
more massive parts of the corallum, but is mostly confined to the 
newer growth, of course it 1s not a valuable character. 

This coral occurs and is common at Fairford and at Burford; and 
I have received, by the kindness of M. Rigaux, a specimen from the 
Great Oolite near Boulogne. 


Genus Latimmanpra, d’Orb. 


It is probable that the Lattmeandrea of the Secondary formations 
need a much more searching investigation during the earlier periods 
of their growth than they have as yet been subjected to, and to 
have their relationship with Chorisastraea, Heterogyra, and Phyllo- 
gyva more clearly made out. 


LATIMHANDRA LOTHARINGA, E. de From. Cat. Polyp. de l’Yonne, 1856 ; 
Tomes, Proc. Geol. Assoc. vol. vi. p. 160. 


Meandrina lotharinga, Mich. Icon. Zooph. p. 100, pl. xxii. fig. 2. 

Since the appearance of my paper in the sixth volume of the 
‘ Proceedings’ of the Geologists’ Association, I have met with this 
species in the Great Oolite near Burford, and have examined speci-: 
mens from Fairford in Mr. Slatter’s collection. From. the locality 
before mentioned by me (the railway-cutting near Rollright, 
Oxfordshire) I have also obtained, a further supply of specimens, 
and have taken a single example from the surface of a field contiguous 
to the Stonesfield railway-cutting. 


Genus CuorisastRma, Ex. de From. 
CHORISASTREA OBTUSA, d’Orb. sp. 
Amblophyllia obtusa, d’Orb. Prodr. Paléont. t. i. p. 285 (1850). 


Thecosmilia ? obtusa, M.-Edw. and Haime, Pol. Foss. terr. Pal. 
p. 78 (1851). 
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Thecosmilia obtusa, Dunc. Supp. Brit. Foss. Cor. pt. iii. p. 14, pl. 1. 
figs. 1-4. 

The coral figured by Prof. Duncan in his Supplement to the 
. British Fossil Corals of MM. Milne-Edwards and Haime, under the 
name of Thecosmilia obtusa, was received by him from Mr. Brown 
of Cirencester, and, I have no doubt, was one of the Fairford corals. 
There are many such in the collection made by Miss Slatter at that 
place. These I have examined with great care, and am fully 
satisfied that they are not referable to the genus Thecosmilia. 

In its general form this species is tall and turbinate, and attached 
by a rather narrow base. With upward growth the calice becomes 
lobular, and increase takes place by gemmation in the ends of the 
lobes. A number of corallites is the result, which may either 
remain attached to each other or become free. They all spring from 
nearly one level; and the greatest number I have seen is four. 
More frequently there are two or three. 


Genus AstrocaniA, M.-Edw. and Haime. 


Only one undoubted Oolitic species of the genus is given by MM. 
Milne-Edwards and Haime in their General History of Corals*. It 
is the Astrocenia tubercsa of d’Orbigny, and was met with in the In- 
ferior Oolite of Luc. Four doubtful ones are also given, namely :—the 
Prionasirea microcoma of d’Orbigny, from the Middle Oolite of Neu- 
vizi; the Astrea sancti-inihieli of Michelin, from the Middle Oolite of 
Saint-Mihiel; the Astrea crasso-ramosa of the same author, from 
the same formation and place; and the Astrwa pentagonalis of 
Goldfuss, from the Middle Oolite of Wiirttemberg. The last-named 
species, however, has been doubtfully referred by Becker and Milas- 
chewitsch to the genus Stephanoceniay. 

M. de Fromentel has described and figured a well-marked species 
from the Portlandian beds of Mantoche under the name of Astrocenia 
triangularist. In his ‘ Introduction’ §, only that species is men- 
tioned asan unquestionable Oolitic Astrocenia, all the others (including 
Astroceenia tuberosa, which was evidently regarded by Milne-Hd- 
wards and Haime as a true Astroewnia) being included in the list 
of doubtful species. Nothing new respecting the genus Astrocenia 
appeared in the subsequently published work by the same author on 
the fossil corals of the environs of Gray. 

From this we may conclude that the genus has been, up to the 
present time, represented by very few, if by more than one, undoubted 
Oolitic. species; and the interest attending its present introduction 
into the English list is not lessened by its comparative rarity in 
the Jurassic formations of-other countries of Europe ||. 


* Hist. Nat. Corall. vol. ii. p. 259. + Palzontographica, vol. xxi. 
t Bull. de la Soc. Géol. de France, 2me ser. t. xiii. p. 859, 1856. 
§ Introduction a l’Etude des Polyp. Foss. p. 233. 

|| I take the present opportunity of observing that I regard some of the so- 
called Astrocenieg from the South-Wales Lias as clearly referable to another 
genus. Three Astroceni¢ from the Lias of France, however, have been described 
by M. de Fromentel and by MM. Terquem and Piette. 
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ASTROCENIA PHILLIPSI, n.sp. Plate VII. figs. 6, 7. 


The corallum is not very large; it 1s incrusting, but becomes 
elevated and somewhat gibbous by subsequent growth. 

The calices are irregular in size and form, but are generally | 
hexagonal. They are moderately deep, and the walls dividing them 
are thick and prominent. There are from eighteen to thirty-one 
septa; of the latter number nine are principal; they are smaller 
about the middle and are joined to the columella; nine others are 
about two thirds of the length of the first; and the remainder are 
short. They appear to represent nine systems, and have three 
cycles, of which the third is incomplete. All the septa are thick 
and mount onto the top of the wall, where they have a prominence 
corresponding to the cycle to which they belong. When unworn, 
their margins are regularly tuberculated; but the tubercles are 
elongated across the septa, and hence have more the appearance of 
transverse ribs than tubercles. The columella is not very prominent, 
but is well defined. 

The corallum is from 6 to 18 lines in height; and the calices 
have a diameter of from 1 to 2 lines. 

I have met with four examples of this coral, three of which were 
found attached to oysters in the Stonesfield railway-cutting, and 
the other taken from the surface of the adjoining field. 

Compared with the Asirocenia decaphylla from the Cretaceous 
formation of Gosau, it has much the same subgibbous shape, but 
has larger calices, septa which are divided into a different number of 
systems, and the edges of which have transverse papille or tubercles. 
With the so-called Astrocenia of the Glamorganshire Lias it has 
little affinity. 


ZOANTHARIA PERFORATA. 
Family PORITIDAZ. 
Genus THamNnastRmA, Le Sauvage. 


THamNnasTRm@A Lyrerir, M.-Edw. and Haime, Brit. Foss. Cor. pt. 11. 
p- 118, tab. xxi. fig. 4. 

This species is very abundant at Stonesfield, from which place the 
specimens were obtained which were described and figured by MM. 
Milne-Edwards and Haime. But it is rarely met with except in 
fragments; and this renders it difficult to make an approximate esti- 
mate of the height to which it attains. From the great difference, 
however, which exists in the diameter of the fragments, as well as 
their nearly cylindrical form, it may be assumed that they tapered 
upwards very slowly, and that it was a tall species. 

It occurs also at Fairford, Rollright, and Epwell, and appears to 
be common at all those places. 


THAMNASTRHA MICROPHYLLA, 0. sp. 


The general form of the corallum is that of a tall bush, perhaps 
about a foot in height, sections of the branches of which show that 
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they are either rounded or ovoid, while at the same time they are 
rather strongly nodulated. 

The calices are very small, and evenly distributed. They are very 
superficial, excepting on the thinner parts of the branches, where they 
have greater prominence. They are round and have a small pim- 
ple-shaped columella. The septa are about twenty-four in number, 
and have their margins delicately but distinctly papillated. The six 
principal ones maintain their thickness quite up to the columella; 
the next six pass nearly to the columella, and become considerably 
thinner as they pass inwards; the remainder are short and small; 
but all are of nearly the same thickness at their outer ends. 

The septal costa generally form an angle where they join those 
from contiguous calices; but there is very little disposition to the 
parallel arrangement observable in so many Thamnastree, and 
none of the costs anastomose. 

Diameter of the calices about half a line, distance from the centre 
of one calice to the centre of the adjoining one three quarters of a 
line. 

This species may be briefly described as a miniature Thamnas- 
trea Lyelli, so far as the conformation and size of the calices are 
concerned; but the corallum is probably quite as large as'in that 
species. In the sizeof the calices the present species somewhat 
resembles 7’. mammosa; but the septal coste in the latter species 
anastomose considerably, whereas in 7’. mzcrophylla they never do so. 
Moreover the papillze of the septa in 7. microphylla are very much 
smaller and more delicate than in 7. mammosa. Only one specimen 
has been observed ; and it was found completely filling a large mass 
of stone in the quarry near Burford, by Mr. T. J. Slatter, to whom 
I am indebted for a portion for my use in preparing this paper. 


THAMNASTRZA Watton1, M.-Edw. & Haime, Brit. Foss. Cor. p. 120, 
tab. xxv. fig. 4; not Duncan, Suppl. Brit. Foss. Cor. pt. ii. 
pl. i. figs. 6-9. 

The fragment from which MM. Milne-Edwards and Haime drew 
their description and figure of this species, although possessing dis- 
tinctive specific characters, was not sufficiently complete to afford a 
good account of the species. Many well-preserved specimens are in 
Mr. Slatter’s Fairford collection; and while certain parts of them 
accord satisfactorily with the above-mentioned description and figures, 
other parts are so different that they might easily be mistaken 
for another species. It may be described as a digitate rather than 
a dendroid form, some individuals having at first a more or less irre- 
gular discoid base, from which arises a central dome-shaped promi- 
nence terminating in two or three finger-lke processes. It was 
probably one of these finger-like processes that furnished material 
for the original description. The base is sometimes concave and 
covered with a thick concentrically wrinkled epitheca, completely 
hiding the basal wall and coste. The newer calices (that is, those 
on the upper parts of the corallum) resemble those of the specimen 
which was figured by the original describers; but the older ones, 
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especially those near the base of the corallum, are quite different. 
They are far apart, small, round, very clearly defined, and rather 
prominent. The septa are short, thick, and of equal size at their 
outer and inner ends. ‘The fossula is small and well defined. The 
septal coste are long, very uniform in size, closely placed together, 
and have a parallel arrangement. They are not so stout as the septa ; 
and a distinct notch, which often divides them from the septa, gives 
to the latter the aspect of a ring of pali. Both the septa and their 
costal continuations are very delicately and finely papillated; they 
might almost be said to be granulated. 

. Distance from centre to centre of the calices 14 line, diameter of 
the calices 1 line. 

The figures given by Prof. Duncan as of this species*, but unac- 
companied by letterpress, must, in my opinion, be referred to some 
other species which has the septa more strongly geniculated. 

At present I have only seen specimens of this species from Fair- 
ford ; but it is very common there. 


THaMNASTRa#A MAMMOSA, M.-Edw. & Haime, Brit. Foss. Cor. p. 119. 


From the surface of a ploughed field on the Stonesfield side of the 
Great Western Railway two examples have been obtained, which 
have all the calicular characteristics of the species as given by MM. 
Milne-Edwards and Haime, but differ considerably from their figure 
in the general form of the corallum. Although they possess the same 
nodular and gibbous upper surface, they are much more expanded 
and depressed. 

In a bed immediately overlying the Stonesfield Slate at Aylworth, 
on the Bourton-on-the-Water Railway, specimens of this coral have 
been collected by me which more nearly approach the upright form 
represented in their figure. It appears at that place to be a com- 
mon species. A few small specimens have also been found at Fair- 
ford; but it is probably there, as well as at Stonesfield, rather rare. 


Genus Microsorena, Lamx. 


MicRosoLENA ExcELsA, M.-Edw. & Haime, Brit. Foss. Cor. p. 124, 
tab. xxv, fie.) 5,,.1851. 

Tt was from specimens in Mr. Walton’s collection that the figures 
and description of this species which appear in the great work on 
‘British Fossil Corals’ by MM. Milne-Edwards and Haime were 
taken; and I have had the advantage of specimens from the same 
collection for comparison when identifying the species mentioned in 
the present communication. By their assistance I have determined 
with certainty examples from Fairford, Stonesfield, and Roliright, 
at all which places it is a common species. 

In the early periods of its growth, WM. excelsa is very peculiar. It 
then presents the appearance of a cone attached by a broad base, the 
summit of which is obtuse, and has a single large calice, while around 
the sides there is a circle of smaller calices, just as in Genabacia. 


* Supp. Brit. Foss. Cor. pt. ii. pl. ii. figs. 6-9. 
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All such examples, so far as I have observed, are attached to speci- 
mens of Thamnastrea Lyell. 


MicrosoLENA REGULARIS, M.-Edw. & Haime, Brit. Foss. Cor. p. 122, 
tab. xxv. fig. 6. 


Alveopora microsolena, M‘Coy, Ann. & Mag. Nat. Hist., ser. 2, 
vol. 11. p. 419. 

At present I have only met with this coral, as a Great-Oolite 
species, at Fairford and Aylworth; and it appears to be much less 
abundant at those places than in the Lower Trigonia-grit of the 
Inferior Oolite near Cheltenham. _ 


Genus TricycLoseris, Tomes. 


This genns was proposed by me for a coral obtained by myself 
from the Margaritatus-zone of the Middle Lias at Charmouth, and 
described in the‘ Quarterly Journal ofthe Geological Society’ in 1878*. 
It was there described as a compound Cyclolite, having an elongated 
and lobular form. 

Two specimens of a coral, having obviously the same generic 
peculiarities, were procured by Miss Slatter from Fairford; and 
these, while they confirm the genus, render some modification in its 
definition necessary. I now define it as follows :-— 

The corallum is oblong; and there is a flat basal plate furnished 
with an epitheca; the upper surface is in the form of a rounded 
ridge; and the calices are small and near together, and in a line 
along the ridge. The central one is the largest; and the others 
have been produced by gemmation from it on either side, somewhat 
as in Dimorpharcea. From this calicular ridge the long septal costz 
slope off all round; and the outer boundary is in the form of a thick 
rounded edge. The septa and endotheca are perforate and like those 
of Microsolena. 


TRICYCLOSERIS LiMAx, n. sp. Plate VIT. figs. 18, 19. 


The corallum is irregularly oblong; and there is a tendency to 
push out into lobes or corners at the ends. The under surface is 
concave, and consists of an imperforate basal wall, which does not 
extend all over the corallum and is furnished with an epitheca. 
The upper surface is shaped like a rounded ridge which slopes off 
on all sides to the thick and rounded outer margin of the corallum. 

The calices are four in number in both specimens. One, which 
is larger than the other, holds a nearly central position, and is 
round and well defined and has a small but deep fossula. The 
others, which are near to it and are in the same line with it, are 
small and irregular. About thirty septa enter into and compose the 
middle calice. They, as well as the septal coste, are very distinctly 
moniliform ; and they closely resemble the same parts in specimens of 
Genabacia stellifera, from the Cornbrash of Wast, near Boulogne, but 
are not quite so closely placed together. These septal costz are 

*. Vol. xxxiv. p. 190, pl. ix. fig. 1. 
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long, thin, sometimes straight, but on some parts of the corallum 
curved or flexuous; and they often anastomose, especially near the 
outer margin of the corallum, over the rounded edge of which they 
pass. The synapticule, viewed outwardly, are cuneiform; that is to 
say they consist of thin horizontal perforate lamine projecting from 
the sides of the septa. ‘They do not spring from the same level on 
each septum, but, meeting those from the nextseptum, become oblique 
in their position across the loculus. 

Length of the corallum 1 inch 6 lines, breadth of the corallum 11 
lines, length of the line of calices 9 lines, height of the corallum 6 
lines. 

It might at first sight appear that this species is nothing more 
than a half developed form, perhaps of a Microsolena; but this is 
rendered very improbable by the nearness of all the calices to each 
other, and by the great length of the septal costae. Moreover the 
young forms of the genera Thamnastrea and Microsolena, which are 
common and well known, in no way resemble the present coral. 


Genus Comosmris, d’Orb. 


CoMOSERIS VERMICULARIS, M.-Edw. and Haime, Brit. Foss. Cor. 
p. 122, tab. xxiv. fig. 1. 

Meandrina vermicularis, M‘Coy, Ann. & Mag. Nat. Hist. ser. 2, 
vol. 11. p. 402 (1848). 

Only one instance of the occurrence of this coral in the Great 
Oolite has come to my knowledge. A specimen was obtained with 
the other species mentioned in this paper at Fairford, and is in 
Mr. Slatter’s collection. It appears to be a rare species. Only 
two examples were seen by MM. Milne-Edwards and Haime. I 
have already made known its occurrence in the Inferior Oolite at 
Crickley*; and the mention of the Fairford specimen adds another 
locality in the Great Oolite. 


Genus Orosrris, M.-Edw. and Haime. 
OrosERiIs Siatrert, n. sp. Plate VII. fig. 5. 

One specimen broken in half, but otherwise well preserved, of a 
species of Oroseris is all that represents the genus in the Fairford 
collection. The corallum, when perfect, had a massive and some- 
what lobed outline, with a greatly elevated helmet-shaped middle 
part, and an undersurface which had a corresponding and deep 
concavity. A strongly wrinkled epitheca covers the whole of the 
undersurface, which has lines and furrows concentrically arranged. 
The furrows of the calicular surface have a somewhat radiate direc- 
tion from the highest part downwards and outwards, sometimes 
running into one another; but they curve as they approach the lower 
and outer edge, where they follow somewhat the line of the boundary 
of the corallum. They are deep, well defined, and are about equal 
distances apart; and there is no part of the corallum on which the 
calices are scattered, as in Thamnastrea. 

* Quart. Journ. Geol. Soc. vol. xxxviii. p. 448. 
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The calices are as far apart in the rows as the rows are distant 
from each other. They are round; and twelve septa enter into their 
composition. These are equal in length, and approach near to the 
centre of the calice; but there is a small round and well-marked 
fossula. They, as well as the septal costz, are strongly moniliform ; 
and the beaded prominences on their edges are very distinct. The 
septal coste are distinct, of equal size throughout, straight and 
cristiform where they pass over the prominent but rounded ridges, 
and none of them anastomose. 

The diameter of the corallum is 4 inches, the height of the same 
3 inches, breadth of the ridges between the furrows 2 lines, distance 
of the calices apart in the furrows 2 lines. 


ANABACIA COMPLANATA, M.-Edw. and Haime, Hist. Nat. Corall. t. 111. 
p- 31 (1860). 


Fungia complanata, Defr. Dict. Sc. Nat. t. xvii. p. 217 (1820). 
Anabacia orbulites, M.-Kdw. and Haime, Brit. Foss. Cor. p. 120, 
tab. xxix. fig. 2 (1851). 


It is extremely doubtful whether this genus embraces more than 
one species. Every intermediate form may be met with, between 
the ordinary lenticular specimens of A. complanata and the globular 
one designated by MM. Milne-Edwards and Haime A. hemispherica 
so that it becomes impossible to separate the two. Again, some of 
the examples from the Trigonia-grit of the Inferior Oolite have a 
very symmetrical form, and agree so exactly in this respect, and in 
the delicacy of their septa, with the A. Bouchard: from the French 
Oolite that they cannot be distinguished. 

Leaving them for the present as merely varieties of one species, I 
may mention a well-marked variety from the Stonesfield railway- 
cutting. It is of large size, having a diameter as well as height 
of more than three quarters of an inch. In form, as well as in size, 
it corresponds very closely with Genabacia stcllulata, being pyramidal 
rather than globular superiorly, and having a deep circular depression 
beneath, which only occupies the centre of the base. The septa 
and septal costee are relatively thick, and they anastomose much less 
than do those of the ordinary examples. This species occurs so 
abundantly in so many localities in the Great Oolite as to render 
any mention of them needless; but it is worthy of remark that up 
to this time only a single example has been taken from the very rich 
coralline deposit at Fairford. 


ZOANTHARIA TABULATA. 
Family THECOSTEGITIDZ, de From. 
Genus Crarnopnora, Michelin. 


After great pains and the examination of a great many specimens 
of one species of Cyathophora, obviously referable to the same genus 
as the one figured by Michelin, I still adhere to the recognition 
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of the two genera Cyathophora and Cryptocenia as proposed by 
d’Orbigny and afterwards adopted by M. de Fromentel. The defini- 
tion, however, of the two genera requires, in my opinion, some modifi- 
cation, which I give as follows :— 

Cyathophora. Coenenchyma small in quantity and dense. Gemma- 
tion proceeding from it in close proximity to the walls of the corallites, 
if not actually from the walls themselves. Septa feebly developed, 
and the cycles not traceable. Calices generally much crowded, 
appearing at many heights, often oblique, oval, or even polygonal. 

Cryptocenia. Ccenenchyma abundant, and of a loose nature, 
composed of a great many dissepimental tabule, from which gemma- 
tion takes place quite distinct from the walls of the corallites. 
Septa well developed, and their cycles distinct. The calices not 
crowded, always round, and oz the same level. 


CyatHorHora Boureveri, Defr. sp. Plate VII. figs. 3, 4. 


Astrea Bourgueti, Defr. Dict. des Sci. Nat. t. xlii. p. 380 (1826). 

Cyathophora Richardi, Mich. Icon. p. 104, pl. 26. fig. 1 (1848). 

Cyathophora solida, Phill. Geol. Oxf. and Thames Valley, pl. ii. 
fic. i, 

This coral, which is identical with the one I introduced into the 
British list in the sixth volume of the Proceedings of the Geologists’ 
Association, from the examination of a single specimen supposed to 
have come from Garsington, Oxfordshire, occurs in great abundance 
in the railway-cutting near Stonesfield, but is there confined to the 
lower parts of the coralliferous layer, and is not, so far as I have 
been able to observe, associated with any other coral. I now 
entertain but little doubt, from the appearance of the supposed 
Garsington specimen, that it really came from Stonesfield. It is no 
doubt also identical with the species mentioned by Professor Phillips, 
in his work on the Geology of Oxford and the Thames Valley, under 
the name Cyathophora sokda. 

In young examples the corallites are directed so many ways as 
to suggest that they grow out of each other; but in the larger 
individuals they are often packed closely side by side, and the 
calices squeezed into an elongated or polygonal form. In the latter 
case there is hardly any coenenchyma; but before they have attained 
to a considerable growth the coenenchyma surrounds the corallites, 
and encases them with a layer which has somewhat the appearance 
of epitheca, and is of a sienna-brown colour, with a glossy fracture. 

Besides Stonesfield, I have also met with this species in a bed 
quite at the top of the stone beds of the Hook-Norton railway- 
cutting. The layers there exposed are Inferior Oolite ; but the one in 
which these corals occur, and where they are unassociated with any 
other species, is called the “rifted bed,” and has been doubtfully 
regarded as Great Oolite, overlying all the others. Most likely this 
coralliferous layer corresponds with the lower part of the coral-bed 
of Stonesfield. 

Becker and Milaschewitsch quote Cyathophora Bourguett as 
occuring with another species, OC. marginestellata, in the corallian of 
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Nattheim ; but the figure given of the first of these shows a greater 
development of the septa than is seen either in Michelin’s figure or 
in any of the numerous specimens which have come under my ex- 
amination. 

It is with very great doubt that I give this species a place in the 
Zoantharia Tabulata, not having by any means satisfied myself as to 
its real affinities. If I am correct in referring the present species 
to the one on which Michelin established the genus Cyathophora, 
the genus Cryptocoenia will have to be retained for such species as 
C. Pratti, and C. luciensis. But, on the other hand, if it should 
eventually prove to differ from Cyathophora generically, then the 
genus Cryptocema must be dropped, and a new genus formed . to 
receive the present species: for this, Depaphyllum would not be 
an inappropriate name. 


EXPLANATION OF PLATE VII. 


. Bathycenia Slatteri, the corallum, natural size. 

. Cryptocenia microphylla, two calices, magnified. 

. Cyathophora Bourgueti, a young corallum, magnified, showing the 

position of the corallites m relation to each other. 

, a vertical section of a young corallum, showing the small 
quantity of dense coenenchyma and the tabule inside the corallites. 
The peculiarity in the septa is also shown in the figure. 

. Oroseris Slattert, a corallum, the natural size. 

. Astrocenia Phillipsi, the corallum, natural size. 

, some calices, magnified. 

. Bathycenia Slatteri, some calices, magnified, showing the smooth cristi- 
form septa and the mode of gemmation. 

9. Bathyceniasolida, some calices, magnified, showing the smooth cristiform 


septa. 

10. , some calices, seen from above, magnified. 

11. Montlivaitia caryophyllata, a septum, showing the lateral ornamenta- 
tion. 

12, 13. Enallohelia clavata, natural size. 

: , a calice, magnified. 

15. Confusastrea magnifica, the corallum, natural size. 

16. Pavia pedunculata, the corallum, natural size, 

17. —— , two calices, which have been recently formed by the fissi- 
parous division of a larger one, magnified. 

18. Tricycloseris imax, the corallum, natural size, seen from above. 

, the corallum, natural size, seen from below. 

20. Montlivaltia Slattert, a septum, showing the lateral ornamentation. 

21. Montlivaltia fairfordensis, a septum, showing the lateral ornamenta- 
tion. 

22. Confusastrea magnifica, a septum, showing the lateral ornamentation. 
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Discussion. 


Tre Coarrman (Dr. Gwyn Jeffreys) expressed his sense of the 
value of the paper. He observed that most of these corals were com- 
pound, and some of them especially peculiar to reefs, although 
compound Madreporaria were found living as deep as 750 fathoms. 
They, therefore, did not seem to very much elucidate the question 


of the depth of the Mesozoic sea. Simple or solitary corals cer- 
Q.J.G.8. No. 154. P 
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tainly did not throw more light upon the question, because they oc- 
curred from shallow water to very great depths, even to 3000 fathoms. 
' Prof. Prestwicu said that Mr. Brown’s collection, mentioned by 
the author, came not from two horizons, but all from one, at a spot 
about 2 miles W. of Cirencester, in a zone about 6-18 inches thick, 
near the top of the Great Oolite. 

Prof. P. M. Duncan confirmed the statement of Prof. Prestwich 
about the horizon from which Mr. Brown’s collection was made. 
These corals, described by Mr. Tomes, were from lenticular coral- 
beds, not from reefs. They could hardly be very deep-sea formations, 
from the oolite contained in them, which seemed at the present time 
to be a shore-formation. It was a mistake to suppose that live 
reef-building corals ever occurred below about 25 fathoms. It was 
to be regretted that a good writer such as the author did not come 
more frequently among his fellow workers; for he would then have 
learnt that many of the statements made by him about calicular 
gemmation and fissiparity were already in print, and had been so 
from the days of Milne-Edwards. Fissiparity and gemmation were 
quite distinct things. Some corals keep the figure of 8 described 
by the author; some depart from it during subsequent growth. 
Unfortunately M. de Fromentel, referred to by the author, was not a 
student of recent corals. Thecosmilian forms had been found exhi- 
biting fissiparity ; these had been actually renamed by Mr. Tomes, 
though the speaker had already assigned them to an existing genus. 
He felt doubts as to the validity of some of the genera proposed by 
Mr. Tomes. The coral could not be named Confusastrea without a 
section; it presented some characters allied to FMavia. He called 
attention to the so-called Cyathophore, which had lost their-septa 
and all their internal characters. Sections, he would observe, were 
absolutely necessary for the study of fossil corals. 
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13. On the Lowzr Kocrene Section between Recutvers and HERne 
Bay, and on some Modifications in the Classification of the LowER 
Lonpon Trrtrarizs. By J. 8. Garpner, Esq., F.G.S. (Read 
January 10, 1833.) 


Tur Lower London Tertiaries were defined by Prestwich as con- 
sisting of three divisions. ‘Two of these were relatively homogeneous 
in composition ; but the third was made up of very varied materials. 
The extreme care and accuracy with which these divisions were 
traced out over the whole of the Eocene area in England, and sub- 
sequently correlated with those of the French area, led to their speedy 
and universal recognition. No modifications in this classification were 
even suggested until 1866 *, when Mr. Whitaker, while unreservedly 
adopting Prestwich’s divisions of ‘‘ Thanet Beds ” and ‘‘ Woolwich and 
Reading Beds,’ making, indeed, copious use ofhis observations, separated 
portions of his “ basement-bed” of the London clay, where this was 
assigned any considerable thickness, together with a small portion 
of his Woolwich and Reading beds, as ‘‘ Oldhaven Beds,” and thus 
almost restricted the “‘ basement-bed” to the inconsiderable thickness 
of coarser material which nearly everywhere forms the base of the 
London Clay. Almost the only criticism that can be urged against 
Prestwich’s classification is that he places the ‘‘ basement-bed ” of the 
London Clay in a different group of the Hocenes from the London 
Clay itself, his nomenclature implying a closer relationship than he 
admits’. But the Survey, on the other hand, have unfortunately 
adopted a name (“‘ Oldhaven”’) which not only does not exist on the 
maps, but is scarcely known at the locality, an inquiry for “ Oldhaven 
Gap,” where the beds are typically developed, being useless even at 
the gap itself, which is known and mapped as “ Bishopstone Gap.” 

Stratigraphically, however, and perhaps as measures of time, these 
divisions leave little to be-desired; and it is only from certain other 
points of view that this proposal to modify them may be justified. 

Before entering into the details of the subject, it is advisable at 
least to endeavour to realize as far as possible the conditions under 
which the Lower London Tertiaries were produced. Although this 
must always to a great extent be a matter of theory and mere.con- 
jecture, a large amount of inference may be safely drawn from our 
actual present knowledge. 

Of all facts patent to those who study the Eocenes in our own or 
in adjacent areas, the near proximity of land and fresh water through- 
out the whole series is the most obvious. Next, speaking of marine 
formations only, itis observed that the faunas which succeed each 
other stratigraphically are by no means the most closely related to 
each other palzontologically, but that beds separated by great: vertical 
thicknesses contain faunas far more nearly allied than do those in 

* Quart. Journ. Geol. Soe. vol. xxii. p. 412. 
+ Whitaker, /. c. p. 413. 
P2 
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juxtaposition. It has come to be recognized that these interlacing 
faunas can be referred to two distinct types—the one perhaps best 
known as the fauna of the “‘ Calcaire grossier,” and the other most 
readily definable as that of the London Clay. Further, it is admitted 
by nearly every writer on the Kocene that the latter fauna is of a 
more temperate or northern type than the former ; and the conclu- 
sion has been repeatedly drawn that it must have belonged to a more 
northerly sea, completely shut off from direct communication with 
that sea in which the “‘ Calcaire-grossier”’ fauna lived. The “Calcaire- 
grossier”’ fauna is, in England, peculiarly and wholly distinctive of the 
Bracklesham period, and also seems to appear first in France at about 
the same time; it was therefore for a long time held to be cha- 
racteristic of the Middle Kocene and of nothing else. The fallacy 
of such views was signally demonstrated by the discovery of the 
“‘Montian system ” in Belgium*, containing at the very base of the 
Eocene a fauna allied to it in the closest possible manner. Since 
the abandonment of the belief in special creations it is perfectly 
obvious that slight but persistent modifications in groups of genera 
must be the ultimate test of the relative age of strata over the whole 
earth, the incoming of new types being only of value when limited 
areas are compared. Correlation by zones over wide areas, although 
extremely valuable, is misleading if perfect contemporaneity for the 
whole zone is thought to be implied, as zones can only represent the 
migrations of species following the successive spread or shifting of 
favouring conditions. Much of the difficulty in correlating the 
formations in England and America, for instance, has arisen from a 
disregard of these considerations. 

Starting with the Calcaire de Mons at the base of the Eocene, we | 
find the southern sea with its distinctive fauna occupying parts of - 
Belgium, while the next fact of which we have cognizance is an 
extension of the northern sea, with its distinctive fauna, occupying 
the same ground and spreading south into France. It deposited the 
‘‘ Heersian,” “* Landenian,” “‘ Sables de Bracheux,” &c., whose faunas 
are all intimately related to those of the Thanet Sands. There is no 
trace of the ‘‘ Montian”’ in England; but the rest of the Eocenes are 
more or less represented here, and it is with them in England only 
that I am able to deal. The deposits of the northern sea occupied 
first a limited portion of the east of the London basin only, and then, 
during the London Clay, extended to the utmost confines of the 
Hampshire basin. It is important to notice, as corroborative of the 
complete separation of the two seas, that though a great increase in 
temperature took place at some time between the Thanet Sands andthe 
London Clay, none of the warmer “ Calcaire-grossier ” species found 
their way into the London-Clay sea, but an immigration instead took 
place of quite other species of Cowries, Volutes, Vautili, and heat- 
loving genera. Next, omitting freshwater formations, the southern 


* The appearance of this fauna, “anticipating its normal epoch of appari- 
tion,” is called by M. Barrandea ‘‘colony,” by M. Marcou a “centre d’' apparition 
détres précurseurs.” “Tt constitutes an exception to the laws of paleontology ” 
(Géol. Belgique: Mourlon, 1880, vol. i. p. 193).- 
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sea, recognizable in the Brackleshams, occupied the Hampshire 
basin and covered over the London Clay to within 20 or 30 miles 
of London. That these formations were deposited from opposite 
directions is apparent from their relative easterly and westerly 
developments. ‘lhe thinning of the London Clay in Hampshire is 
not due to denudation by the Bracklesham sea, as it was everywhere 
protected by thick intervening freshwater beds, and its original 
thickness is preserved entire. The Barton beds show for the first 
time an admixture of the two faunas, though only the less tropical 
of the Bracklesham species remain. The Brockenhurst fauna shows 
an increased preponderance of southern forms, while the Hempstead 
fauna, if it can be said to show any thing, recalls the northern 
types. 

Now marine faunas could only be kept distinct in adjacent areas, 
whose conditions of depth and sea-bottom were so similar, either by 
very sharply detined cold and warm currents, or by intervening 
land. These were clearly not separated by currents, since each 
formation is limited by a shore-line, and freshwater strata intervene 
in every case, showing the area to have become land after the 
deposition of each ; and there is no supposition open that will explain 
the facts, except the continued existence of an isthmus, connecting 
England with the mainland, throughout the Eocene, until at least 
the Barton period. This isthmus was not stationary, however, but 
undulated from north to south and south to north without being 
broken through. Thus during the Thanet-Sand time it must have 
stretched from Dieppe along the Weald; but in the London-Clay 
period it could only have joined France to the south of the Isle of 
Wight and Purbeck; whilst in Bracklesham times it probably 
stretched from Belgium across the Weald to Hertfordshire. These 
various positions of this isthmus are not purely conjectural, except 
where is now sea; for its northern shore is distinctly traceable in 
the London Clay, and its southern shore in the Bracklesham beds. 
Further, the vast Hocene river, whose presence is felt in every deposit, 
had its estuary in the direction of the Thames valley throughout all 
the Lower EKocenes, but had its course diverted to the south by the 
change in the position of the isthmus which caused the London-Clay 
sea to recede; and its estuary remained in Hampshire as long as 
any further record of it is preserved. The detritus of the Kocene 
river is mainly quartzose and felspathic, and is such as to show that 
it probably drained a paleozoic area, while its bulk and the enormous 
variety of the forest vegetation imbedded in its silts leave no alter- 
native but the belief, supported in many other ways which cannot 
be entered into here, that it drained a vast continent with an in- 
definite westerly extension, even connected in some mysterious way 
with America. The breadth of this river in its purely freshwater 
reaches is actually seen, in Hampshire and Dorsetshire, to have been 
at least 17 or 18 miles* ; and the extent of homogeneous or similar 
fluviatile and estuarine deposits, stretching as they do from England 
over France on this area and over no other in Hocene time, shows 

* Dollfus compares its bulk in France to that of the Amazons. 
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its bulk to have been hardly inferior to that of the largest existing 
rivers. 

If we admit the preponderating action of this stupendous river in 
the formation of all Eocenes in England and France, their strati- 
graphy becomes comparatively simple ; but if we try to explain them 
by any other means, we are forced to suppose conditions which have 
no parallel at the present day. 

With the probable physical features of our area during the Eocene 
period before us, we are better able to appreciate the relative values 
of the divisions of the Lower London Tertiaries. 

The Lower London Tertiaries are divided by Prestwich and the 
Survey into the purely marine Thanet Beds, the fluviatile, estuarine, 
and marine Woolwich-and-Reading Beds, and the marine Oldhaven 
Beds. The object of the present communication is more especially 
to question whether more than one Eocene sea encroached upon 
our area prior to the sea which deposited the London Clay. 


The Thanet Beds. 


The limits of the area over which the Thanet Beds were deposited 
were pretty accurately traced by Prof. Prestwich; and it is quite 
unlikely that they ever had any very considerable extension beyond 
their present limits as mapped by the Survey. They are almost 
wholly unfossiliferous west of Rainham* in Kent, and, indeed, present 
no features of interest outside the Canterbury and, Isle-of-Thanet 
districts. The following diagram from the Survey Memoir of 1876, 
p. 56, explains their distribution. 


Fig. 1.—Diagram illustrating the Distribution of the Thanet Beds. 
Ww. 
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eé. Fine sand with occasional layers of sandstone, with fossils, sometimes silici- 
fied, thins westward, from 40 feet in thickness, and passes down into 

d. Bluish-grey sandy marl, with green grains and fossils, thins westward, and is 
almost confined to Hast Kent. 

ce. Fine sand, without fossils (“at least but a very few remains have been 
found”); it is 60 feet thick in West Kent, where it forms nearly the whole 
ot me Thanet Beds, thinning out westward in Surrey and eastward in Hast 

ent. 

6, Alternations of brown clay and loam, without fossils, thin and local (in part 
of East Kent). 

a, The “‘ base-bed,” clayey greensand with unworn green-coated flints resting on 
the Chalk, thin (rarely over 5 feet), but constant. 


The division ¢ is typically exposed in railway-cuttings, especially 
about Swanley and St. Mary Cray on the London, Chatham, and 


* Otterham Quay, E. of Rainham, is the spot furthest west, except Upnor, 
from which fossils are recorded by the Survey and by Prestwich. 
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Dover Railway, and appears to be light- 
coloured sea-sand, with considerable cohe- 
sion, about 60 feet thick and destitute of 
fossils. The few localities in Kast Kent 
described by Prestwich and the Survey in 
which fossils have been found do not seem 
to differ in any important respect from the 
section at Herne Bay and Pegwell Bay, and 
need not, therefore, be further alluded to 
here. The fossiliferous divisions of the 
formation can in fact be perfectly studied 
along the coast, which presents by far the 
most perfect and accessible, as well as the 
most typical sections (fig. 2). 

The Herne-Bay section terminates at the 
Reculvers, and, as restricted by Prestwich 
and the Survey, only exposes some 20 feet 
of Thanet Beds—Pegwell Bay, however, for- 
tunately supplying a continuous section 
through the remaining thickness to the 
Chalk (fig. 5). The position of the lowest 
Reculver bed can be accurately determined 
paleontologically in the Pegwell section ; 
but to make it quite certain, the measure 
of its exact height above the Chalk, which 
is about 70 feet, is given in a well sunk at 
Reculver. 

The Thanet Beds rest conformably, as it 
is called*, on the Chalk at Pegwell Bay, 
with at first a dip of about 5° S. 

The base rests on a great tabular layer of 
flint, and is full of the usual unworn green- 
coated flints. Itis now generally recognized 
that these flints have been dissolved out of 
the Chalk by solvent action, like that which 
produced the piping in chalk subsequent to 
its upheaval 7 ; and the present upper surface 
of the Chalk is therefore not actually the 
same as that on which the first Eocene mud 


* Even the highest Chalk must have been greatly 
denuded, as it could hardly have risen to the surface 
before it was compressed into a solid rock without 
being covered with something capable of resisting 
wave-action. There is at least no instance of any 
such deposit having been preserved as a surface 
deposit in any Atlantic isles that have been up- 
heaved. The Thanet Sands are as little conform- 
able, and had as little to do with the Chalk as the 
Goodwin Sands. 

t Whitaker, Quart. Journ. Geol. Soc. /.¢. pp. 
406, 407. 
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was deposited. The waves probably acted then on a chalk coast 
precisely as they do now. As they undermine a cliff, the face 
tumbles away ; and the water abrades and dissolves the chalk, leaving 
the flint to be rolled and drifted into bays, or onto shingle banks 
outtosea. The flint in any case ceaselessly travels, and is eventually 
ground into mud or preserved as pebbles. 

Below the line of shingle beach we generally have between tides 
a great stretch of waterworn uneven-surfaced chalk covered and pro- 
tected by fucoids and Laminarie ; and this extends as far out below 
low-water as the depth permits us to see. No chalk-ooze seems 
ever to be reconstructed; and the carbonate of lime must therefore 
be carried away in solution. A great deal of the chalk bottom 
would apparently remain bare, as it is over large areas of the Channel, 
ifno other sediment were brought toit ; but when sediment is brought, 
where the sea is shallow enough to permit the growth of sea-weed, 
it must be originally deposited on such a seaweed-covered surface. 
The Thanet-beds fauna shows that they must have been deposited 
within the depth to which the Laminarian zone extends; and this 
imbedded sea-weed may well account for the peculiar character of 
the “ blackish green mud-hke sediment in which the green-coated 
flints are imbedded.” Prestwich* states that in burning it gives 
off ammonia in abundance, an evidence, he considers, of the presence 
in it of animal matter. This bottom-bed might of course belong to 
a very much older period than the rest of the Thanet Beds. 

There is not the slightest evidence, however, that any elevated 
chalk coast-line ever came into contact with the waves that deposited 
the Thanet Bedsin England. There are no beaches throughout the 
Eocene with a proportion of angular flints such as we invariably see 
when flint beaches are immediately derived from the chalk; nor are 
there any indications of old chalk cliff-lmes. On the other hand, 
the relatively small size and the completely rounded character of all 
the pebbles show that they must have travelled a long way from 
their source, and that they may have formed part of. still older 
deposits. The fluviatile deposits show that no chalk was being cut 
through by the river, and the marine deposits that no chal was 
being “planed down on this area by the sea. ‘The chalk cliffs of the 
evens coast-line must therefore at all our British Eocene periods 
have been far distant. 

Above this “ base-bed” we have about 19 feet 6 in. of yellowish 
drab sandy clay, which, though of nearly equal consistence, weathers 
out in bands, and on this some 16 feet of bluish slightly mottled 
sandy clay with decaying pyrites. The beds here become fossiliferous, 
and continue to be davkien sandy clay for another 34 feet, when we 
reach the first distinct line of drifted shells. 

The shell-beds range through a thickness of about 6 feet, and 
enclose a band of somewhat calcareous sandy concretions; 4 feet 
higher there is a band of scattered black pebbles; and the section 
clones with some 12 feet ofsand. So far the section lies in Pegwell 
Bay. The whole of the Reculver Thanet Beds, as limited by Prest- 

* Prestwich, Quart. Journ. Geol. Soe. vol. viii. p. 246. 
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wich, are comprised in this section; but, owing to extensive tracts 
being sometimes laid bare at low water at Reculvers, the upper beds 
can usually be more profitably studied there. The line of concre- 
tions is a marked feature in the cliffs as they rise at Reculvers. 
Below them about 12 feet of compact yellowish slightly argillaceous 
sand, darkening when exposed to the sea and highly fossiliferous, 
forms the base of the cliff. The cliffs at first trend W. by N., and 
the strata are horizontal, but gradually dip about 2? W. Beyond 
the point to Bishopstone Gap the cliffs are in a more south-westerly 
direction, and the dip is maintained at from 2° to 3°; but up the 
chines the strata show horizontal where the face rakes 8.W. by S. 
From the bottom of the bay the cliffs trend slightly W. by N. and 
the dip is again 1° to 2° W. 

These sands are quartzose, somewhat micaceous and argillaceous, 
with green grains ; ferruginous concretions are common in them, in 
one of which Mr. Prestwich found the cast of a most interesting 
pine-cone. Pieces of unrolled silicified wood are not uncommon; and 
one of these proved to be the magnificently preserved stem of 
Osmunda Dowkeri so accurately described and figured by Mr. Car- 
ruthers. The Mollusca are abundant, but of few species, almost 
wholly bivalves. By far the most abundant form is Thracia oblata, 
imbedded flat,with the two valves closed tightly. The next most 
abundant forms are Pholadomya Koninckvi, which always occurs in 
an upright position, and Cyprina Morrisiz. (Among the rarer forms 
from the Thanet Beds are several species of Nucula, some of which 
occur only at Pegwell Bay.) The only univalves that my brother, 


‘Mr. E. T. Gardner, F.L.S., who has diligently searched, and myself 


have met with, are a Natica and an Aporrhais with a scalaria-like 
spire, and a Murex, though some others are recorded by the Survey. 
These were evidently deposited in water at a depth beyond the 
reach of the waves, as there are few broken or even separate valves 
of shells, and the wood is unrolled, while this and the fir-cone and 
fern-stem show that they were not wholly beyond the influence of 
estuary water. ‘They contain hardly any vertebrate or crustacean 
remains, so far as is yet known. ‘Their deposition was probably not 
very dissimilar to that of some of the sediments forming on the chalk 
on the same coast at the present day. 

At the point the concretions are 6 feet above the beach, and they 
and the sand below them are crowded with Cyprina ; 200 yards east 
the concretions are overlain by some 12 feet of looser pale grey 
mottled and piped sand, on which rests a bed with silicified Corbula 
regulbvensis, a bed traceable from this point to Bishopstone Gap, 
on the west side of which it appears on the beach below high-water 
mark. It is valuable as the only land-mark by which the division 
between the so-called Thanet and Woolwich-and-Reading Beds can 
be readily picked up in the cliffs. 70 yards west asmall chine occurs 
(fig. 6); and the concretions disappear at the base of the cliffs, but 
form a well-marked line of rocks cutting diagonally across the 
flats at low water, in a westerly direction. At another 250 yards 
west the beds at the base of the cliff are mottled with bright orange ; 
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290 yards further west the Corbula-bed is in grey sand near the baseof 
the cliff, and Dentalia occur ; and 150 yards west of this, at the Gap, 
it ison a level with the shingle: 22 yards from the west corner of 
the Gap, the Corbula-bed appears on the beach below high-water 
mark and 10 feet below the base of the cliff, and soon after dis- 
appears out to sea. A very rich zone of fossils occurs at this spot, 
just below the Corbula-bed and between it and the Gap. The great 
Oyprina, 53 inches in diameter, occurs here singly or in pairs of 
valves, and nowhere else. Astarte tenera very common and per- 
fect, Cucullea decussata, Pectunculus terebratularis, Sanguinolaria 
Edwards, and Dentalium are other shells whose range in the Thanet 
Beds seems almost limited to this zone, and which can only be col- 
lected at this one spot in Herne Bay. It will be observed that the 
fauna is much richer here than lower down; the unrolled silicified 
wood is replaced by rolled and bored lignitized wood ; and a few very 
small quartz pebbles occur. None of the shells are in a living po- 
sition, though the valves are very generally closed; a few valves are 
broken, and they seem to have been more under the action of moving 
water, and therefore deposited at a less depth than towards the base 
of the Thanet Beds. Seventy feet of muddy sand had in fact accu- 
mulated in what was originally shallow water; and unless this was 
wholly counterbalanced by subsidence, the bottom would naturally 
be raised nearer the surface. 

Prof. Prestwich includes this zone with its rich group of fossils in 
the Woolwich-and-Reading Beds. He, as well as Mr. Whitaker, ac- 
knowledge the extreme difficulty of separating them from the under- 
lying beds, both here and at Richborough, where the Corbula-zone 
also occurs. The former says:—‘‘ This want of clear divisional sur- 
faces, and the occurrence of several of the same species of shells in 
the two series, might be considered an objection to their being thus 
separated. The fossils, however, taken as a group, are different from 
those of the Thanet Sands, whilst the sands are more siliceous and 
contain a larger proportion of green sand and some disseminated 
flint-pebbles—two mineral characters deriving some importance from 
their breadth and constancy” *. 

These distinctions are in themselves very slight as bases of separation 
between two marine formations ; but even such as they are, they 
have since been materially lessened. Taking the marine bivalve 
mollusca, the only group at all perfectly known from these 
formations, we find, according to Prestwich, twelve species 
occurring in the Thanet Sand and not in the Woolwich-and-Reading 
Beds. On the other hand, fourteen species from the latter do not 
occur in the Thanet Beds. In fact six species only are cited as 
common to the two formations. 

The Survey list, however‘, gives very different results; and as all 
but two of the species have been also found at Pegwell Bay, and 
only admittedly Thanet Beds are present there, no errors as to the 

* Prestwich, Quart. Journ. Geol. Soc. vol. x. p. 112 (1854); see also Whitaker, 
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horizon can have crept in. Of 57 specifically determined bivalves of 
the Thanet Sands, 13 pass into the so-called marine division of the 
Woolwich-and-Reading Beds, while of 12 bivalves from the latter, 
only two, Cardiwm Laytonz, Morr., and Teredo antenaute, Sby., do 
not pass down into the Thanet Beds. If the Survey list is accurate, 
there is thus no marked paleontological break in the marine series. 
There is equally no perceptible difference at Reculvers in the quan- 
tity of green grains in the two sets of beds; while at Pegwell Bay a 
layer of black flint pebbles occurs in what is acknowledged to be 
Thanet Sands*. 

On these grounds I think the supposed break at this point, 
the obscurity and difficulty in detecting which has been remarked 
upon by all authors 7, should be ignored, and the succeeding 20 feet of 
beds be regarded as an integral part of the same marine formation. 

Going back to where the Corbula-bed first rises, we see it ovel- 
lain by about 8 feet of pale clayey sand mottled rust-colour, then 
about 10 feet of grey mottled sand, 6 feet of fine orange-coloured 
sand, 3 feet pale greenish sand mottled with orange, and a foot or so 
of darker sand immediately under the Oldhaven pebble-bed. The 
arrangement is slightly varied at the small chine already mentioned 
(fig. 6), while at Oldhaven Gap (fig. 3) the succession is as follows :— 
12 feet pale greenish-grey sand mottled with yellow and white; 4 feet 
6 in. slightly more clayey sand with ferruginous stains ; 7 inches 
mottled grey and greenish sand giving an olive streak when cut; 
4 feet greenish sandy clay mottled in two shades, and with a few 
small clay galls; and 3 feet rusty brown sand mottled with greenish 
yellow resting on the Corbula-bed. These beds are of comparatively 
little interest, as the few fossils they contain are not of a distinctive 
character. Iron pyrites, small lignitic fragments, and a few sharks’ 
teeth are found in them. They have apparently been mud-banks in 
shallow water; and the pyrites may be due to decomposed sea-weed. 
A well-marked break occurs here, separating the next series. 


The Oldhaven Beds. 


These beds are rather sharply separated from the underlying beds 
by a layer of black pebbles, sometimes 18 inches in thickness. 
They are almost wholly composed of fine quartzose sand, with occa- 
sional small lenticular patches of brown clay. Their distinctive cha- 
racter is doubtless due to the fact that whilst the lower beds were 
deposited under water, these were deposited between high- and low- 
water marks by surf. They are seen first at the top of the cliffs west 
of the point, and at the small chine (fig. 6) are about 36 feet above 
the beach. The pebble-bed is here very distinct, some of the pebbles 
being of large size, and all except the smallest perfectly rounded. 
The top line is level as if smoothed by the waves ; but the lower line 
is uneven. The pebbles are imbedded in loose sand, overlain by two 


* The Pegwell deposits seem to have occurred nearer shore, as indicated by 
the presence of pebbles and broken-shell layers. 
t £.9. Whitaker, Quart. Journ. Geol. Soc. vol. xxii. pp. 409, 410, 419. 


206 J. S. GARDNER ON THE LOWER LONDON TERTIARIES. 


feet of deep yellow slightly loamy sand, and then by quartzose sand — 


without green grains. At Oldhaven Gap the full thickness of the beds, 
26 feet, is seen, the upper surface being very uneven and the fossils 
casts only. The sands vary considerably in hardness, but at no par- 
ticular levels. 250 yards west there are several small clay patches, 
the thickest a foot deep. These are sharply defined above, but 
below mix gradually with the sand, contain much selenite, and are 
cemented into sandy concretions which display beautiful ripple- 
marks and false-bedding. ‘They are marked with horizontal borings 
from one to one and a half inch wide. The clay patches frequently 
rest on the pebbles, but are sometimes separated by drifts of broken 
shells; angular pieces of clay are occasionally included, and some- 
times an indurated patch of lemon-coloured sand with iron-stains. 
140 yards west the beds are 21 feet thick and very fossiliferous, with 
green grains towards the base. A lenticular patch of clay with sandy 
lamine, larger than usual, here encloses a Sarsen stone; and on the 
same horizon a few yards east are irony concretions crowded with 
shells. 160 yards west the shells approach within 2 feet of the Lon- 
don Clay, and there is much false-bedding ; and 90 yards further west 
again a few concretionary blocks are seen just above high water-mark. 
The bedding of the sand is lenticular; and the shells are almost com- 
minuted, and also drifted into lenticular form, both the sand and 
the shell-drifts being cut through again and again. A good section 
is seen 500 feet before the beds dip under the London Clay (fig. 7). 


Fig. 7.—Section showing Junction of London Clay and Oldhaven 
Serves. 


a. London Clay. 6. Basement-bed. 
¢. Sections across the ancient furrows of the shore. 
d. Broken shells deposited in furrows. 


The Oldhaven Beds sink under the London Clay at about a mile 
east of Herne Bay. Their upper surface is eroded and filled in by 
the basement-bed of the London Clay, here only from 12 to 18 inches 
thick. The basement-bed is of a warm drab colour mottled with 
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whitish, weathering a rusty brown, giving a green streak to the tool 
when struck, and containing much woody matter and large green 
grains*. It is a compact bed with an uneven upper surface very 
distinct from the overlying blue London Clay. When last seen the 
Oldhaven Beds appear comparatively indurated and of the ordinary 
buff colour of sand when dry, and greenish grey when wet. 

Fossils last appear about 7 feet below the junction, and 200 feet 
east of the disappearance of the beds, drifted into pockets, though a 
little east of the latter irregular lines of fossils approach within 
5 feet of the junction. 

These Oldhaven Beds can be traced a long way inland without any 
change in character, and are immediately recognizable by their base 
of black pebbles. Their fauna is very rich, far richer than the Survey 
list of 1872 would lead us to suppose, and approximating more closely 
to that of the London Clay than has been admitted; but among 
masses of comminuted shells only one here and there is perfect. I 
have not observed any very local distribution among them, except 
in the case of a large Aporrhais, all the specimens of which were 
found close together. By far the commonest shells are Cytherea and 
Protocardium. The tidal and surf-action is everywhere apparent, 
and their origin is unmistakable ; but whether they were formed, as 
I believe, on a coast-line, or on banks away from shore, is less ap- 
parent, the absence of unworn flints showing at least that no chalk 
was present in the immediate vicinity. The greater variety of the 
Mollusca may be accounted for by dead shells being heaped together 
from various depths, as we see at the present day on coasts; but the 
presence of a few turtle bones, taken with evidence gathered else- 
where, must also indicate that the increase of temperature had 
already commenced. We see by the Survey list of fossils that the 
fauna was intermediate between those of the London Clay and the 
Thanet Beds; for only two species are now not known to range 
beyond it; 7 of the species range downward only, 12 range both up 
and down, and 13 range upward only ; so that it is united by 75 per 
cent. of its species with the London Clay, and by 50 per cent. with 
the Thanet Beds. 

It is thus certain that there is but one break in the marine deposits 
of the Lower Eocene in East Kent; and I cannot help thinking that 
it would be far more convenient to retain the name Thanet Beds 
alone for the lower division. A great interval may have elapsed 
between these and the Oldhaven Beds, which belong paleeontologically 
to the London-Clay series. The Oldhayen Beds might fairly be con- 
sidered, as I shall show, to be a lower member of the latter series, 
as, indeed, was implied by Prestwich’s name for them. The upper 
portion of the marine Thanet Beds of this part of Kent may have 
been, and probably was, to a sight extent contemporaneous with the 
fluviatile Woolwich-and-Reading Beds of furtherwest. The incoming 
of these cannot be traced on this coast ; and there is no section appa- 
rently revealing them until the neighbourhood of Chatham is reached, 


_ * The lower beds of London Clay are here tenacious and blue even when 
weathered. - 
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when at Upnor the shelly clays with Cyrena make their appearance. 
The sharp sands in this section (Mem. Geol. Surv. vol. iv. part 1, 
p. 144) I should feel inclined to place with the Thanet Beds, thus in- 
creasing their thickness there by some 30 feet. At Erith the plastic 
mottled clay of the Woolwich-and-Reading Beds first appears, and is 
some 9 feet thick. At Charlton it is absent; but at Loam Pit Hill I 
detected it a few inches thick* in its proper position below all the 
fossiliferous Woolwich Beds. I should most decidedly place the base 
of the Woolwich-and-Reading Beds at this horizon, and consider all 
the marine shingles and sands below the plastic clay an integral 
part of the marine Thanet formation. In the magnificent section 
recently exposed in the new railway works at Croydon, the division 
is very clearly seen, and the whole Woolwich-and-Reading series is 
exposed. Below the plastic clay and above the admittedly Thanet 
beds is a series of clayey sands with green grains, of marine origin 
and with occasional fossils and flint pebbles. There is not the re- 
motest reason, that I can discern, for separating these from the 
underlying series and making them a marine member of the over- 
lying fluviatile series. As the section will probably be described by 
Prof. Morris and Mr. Klaassen, it is unnecessary to go into details 
here; but if my classification is admitted there would simply be a 
Lower Reading series with a very distinctive flora, and an Upper 
Woolwich series with a very distinctive flora and fauna—the former 
purely fluviatile, and the latter becoming estuarine towards its close 
and therefore marking a subsidence with its inevitable accompani- 
ment, an advance of salt-water conditions up the estuary. 

To meet beforehand one criticism that may possibly be advanced 
against this view, I may at once state that I feel no doubt that 
the marine Dorsetshire oyster- and pebble-beds hitherto referred to 
the Woolwich beds, are of London-Clay age, and mark the western 
shore of that sea, and not of a previous sea. The Reading Beds 
at Alum Bay are purely fluviatile mottled clay, and the London Clay 
rests directly on them; but further west the London Clay is replaced 
by oyster-beds, pebble-beds, and pyritous sandy clays resting on the 
same mottled clays on which the London Clay rests at Alum Bay. 
_ It would be rather inexplicable if the Woolwich-and-Reading series, 
after becoming more and more distinctly fluviatile from east to west, 
should again become marine in the furthest west; while on the other 
hand the London-Clay sea, which was of considerable depth as near ° 
as Alum Bay, must undoubtedly have possessed a shore to the west 
of that point. 

The Thanet Beds were probably deposited, as I have shown, by a 
rough sea in an area out of the immediate estuary of the river, but 
within its influence. The area became silted up until it finally 
rose above the surface and became covered over with shingles and 
sand. The Thanet Beds close with a period of elevation, during 
which the Reading Beds were formed ; and these were followed by 
a subsidence during the Woolwich period, which finally ushered in 
the Oldhaven and London-Clay deposits. The Oldhaven Beds may 

* Bed 9, section Loam Pit Hill, p. 127, Geol. Survey, vol. iv. pt. 1. 
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represent some such action (but under a rougher sea) as that which 
now forms the beach at Shellness, not far off; and it is conceivable 
that if this were an area of gradual depression, as it was at the 
commencement of the London-Clay period, the beaches there would 
advance steadily over the flat area of Sheppey on the one hand, while 
on the other, as they sank out of reach of disturbing waters, they 
would become covered up by the silt of the Thames, just as the Oldha- 
ven beaches were covered by the London-Clay silt of the Hocene river. 

The depression was maintained for an enormous period, the salt- 
water estuary gradually extending up the river-valley as far as the 
western limits of the Hampshire basin, and deepening at Sheppey 
until nearly 500 feet of silt was deposited. The Thames mud at 
the same spot is already nearly 100 feet thick, and this on the present 
shore and consequently out of the main channel. The advance of 
the London-Clay sea was distinctly not due to any planing action, 
but to gradual subsidence; for the London Clay always rests on 
other Eocene formations, though elsewhere and far off the Chalk 
must have been incessantly attacked, as it is now, by the waves. 
Beaches such as the Oldhaven deposits could only be formed near 
the mouth of the river; and we accordingly see that they diminish 
and disappear in Hampshire and to the west. 

Beaches may equally have been formed along the shore of the Thanet- 
Sand sea, and left stranded when it retired ; and it is not always clear 
to which agency many of the vast aggregations of shingle and sand 
between the Thanet Beds and the London Clay may belong. They 
are, however, an integral portion of one or other formation, and 
should not be recognized as a separate formation at all approaching 
other divisions of the Eocene in value. The same may be said of 
the so-called marine Lower Bagshots, which mark the retreat of 
the London-Clay sea. That any vast lapse of time occurred between 
the Thanet-Sand and London-Clay period I do not at present believe, 
seeing that the enormous change of temperature that almost suddenly 
took place between them, a change which drove the indigenous flora 
northward to Greenland, would amply account for the difference 
in their faunas. The Woolwich Beds at least, however, were 
formed during the interval, and the European Tertiaries may furnish 
data as to its duration. 

I submit this as a simpler explanation of the formation of the 
Lower London Tertiaries, and a more definite classification of their 
complicated changes, than that hitherto prevailing. If accepted, it 
can by no means diminish the value of any work previously accom- 
plished ; and, while involving no new terms, it renders the recogni- 
tion of the divisions in the field far easier. 


Discussion. 


Prof. Prestwick remarked upon the value and beauty of the 
collections made by Mr. Gardner. At the time he had written his 
own paper the exact horizon of many forms had not been deter- 
mined, and the careful collecting of Mr. Gardner would clear up 
many of thesé doubtful points. He did not, however, think that 
the theoretical views propounded in the paper were of equal novelty 
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and interest. Every one admitted the great gap between the Chalk — 
and Thanet Sands, and that the Thanet Sands, Woolwich Series, and 
Basement Beds were, like the ‘“‘ Landenian System” of Belgium and 
the ‘‘ Sables Inférieurs” of France, merely minor subdivisions of 
one continuous formation, with variations caused by local subsi- 
dences and elevations. He had recently found marine shells ag far 
west as Reading. The fluviatile Woolwich Beds pass at Herne Bay 
into marine beds with a poor fauna. In Belgium and France these 
beds contain a much larger marine fauna than our own. He thought 
the actual facts did not support the views of the author. 

Mr. Wuirtaxer stated that the separation of the Oldhaven Beds on 
the Geological Survey maps was due to the fact that they were 
clearly recognizable, and capable of being followed and mapped. 
He found no reference in Mr. Gardner’s paper to the fact that the 
Oldhaven Beds are not always marine, but sometimes fluviatile and 
fluvio-marine. He agreed that the apparent conformity of the Chalk - 
and Tertiary in England does not prove that there is no gap. He 
had clearly recognized long ago that in Hastern Kent there is no 
marked separation between the Thanet and the Woolwich Beds. 
The three members of the Lower London Tertiaries are really very 
small and insignificant subdivisions. He thought that the perfectly 
rolled condition of the flint pebbles of the Oldhaven Beds pointed to 
the conclusion that they were formed, not on a beach, but a little 
way out at sea. The Woolwich Beds sometimes lie on eroded 
surfaces of the Thanet Beds, which is opposed to the author’s 
views. So also. is the alternation of plastic clays with shelly 
Woolwich Beds, which makes it impossible to divide the Reading 
from the Woolwich Beds. He remarked on the local character and 
distribution of the Oldhaven Beds as compared with the Woolwich- » 
and-Reading Beds; in some places the former rest unconformably 
on the latter, on the Thanet Beds, and on the Chalk. . 

Pror. SeeLry remarked upon the important fact pointed out by 
Mr. Sorby that the Thanet Sands were mainly derived from granitic 
rocks. He thought the existing classification was a convenient one, 
especially for teaching-purposes. He doubted the accuracy of the 
general view supported by the author, namely that the materials of 
these strata were derived from the west. He himself thought that 
both paleontological and physical evidence pointed to the conclusion 
that the materials were derived from the east. He doubted not 
only the author’s conclusions with regard to the climates of these 
different periods, but all conclusions of the same kind. 

The Autor stated that he had found a very characteristic flora 
under the mottled clays of the Reading Beds, a flora also found at 
Newhaven and in Greenland. He believed the mottled clays to be 
purely freshwater deposits. These beds are traceable at Lewisham 
and Blackheath under the Woolwich Beds. He maintained that 
there is no means of comparing the faunas of the two beds; but the 
floras are dissimilar and show a marked climatal change. He did 
not agree with Mr. Whitaker and the Survey that the Bromley 
leaf-beds belong to an Oldhaven freshwater series, but thought 
them to be on the same horizon as the Woolwich flora. 
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14. On the Lower Carsonirerovs Rocks of the Forust of Dzan, 
as represented in ‘TypicaL Sxcrions at Drysroox. By LE. 
Weruerep, Hsq., F.G.S., F.C.S. (Read February 7, 1883.) 


{ Abridged. ] 


In this paper I shall first refer to a series of arenaceous and 
calcareous shales which lie between the Old Red Conglomerate and 
Lower Limestone Shales, and which represent the true basis of the 
Carboniferous rocks in Gloucestershire. (2) I shall refer to some 
beds in the Lower Limestone Shales which may serve as horizons 
for correlation with other coalfields. (8) I shall consider some 
features in the Millstone Grit. 

1. The Old Red Conglomerate at Drybrook dips to the south-east at 
an angle of 38°. It is made up of ‘vein-stone” quartz * pebbles, 
grains of ordinary quartz, measuring about ‘021 of an inch in dia- 
meter, plates of mica, and a little felspar. Of the quartz grains about 
fourteen per cent. can be recognized as crystals; but the rest are 
waterworn. The grains are coated with oxide of iron; but on this 
being removed by acid, cavities are exposed to view, some of which 
contain bubbles. In addition to the deposition of oxide of iron on 
the grains, silica is often found attached to them in minute well- 
defined and clear crystals. 

The Old Red Conglomerate passes conformably into a series of 
loose sandy beds and light and greenish-coloured calcareous shales, 
dark shales being absent. A section of these beds, carefully 
measured by the late Mr. John Jones and Mr. W. C. Lucy, F.G.S., 
showing 247 feet and 108 divisions, appeared in the Proceedings of the 
Cotteswold Club for 1867. They are there termed “ Transition Beds.” 
Sir H. De la Beche has given sections of the junction of the Lower 
Limestone Shale with the Old Red Sandstone rocks T, and has noted 
strata similar to the beds to which I am referring; but they appear 
to have been much less developed in the localities where his 
sections were made than is the case at Drybrook. He has, however, 
referred them either to the Old Red Sandstone or to the Lower . 
Limestone Shales. 

The sandy beds and calcareous shales are characterized by the 
rapid succession of beds and by the variety of colour. In order to 
examine them minutely, five beds were selected as typical, and 
specimens taken from them ; the first was from near the base, and 
the others from various parts proceeding upwards. 

No. 1 was a light-coloured bed with but slight cohesion between 
the grains composing it. It contained a considerable quantity of mica 


* This term, vein-stone quartz, is used by Sir H. De la Beche, Memoirs Geol. 
Surv. vol. i. p. 64. 

t+ Memoirs of the Geol. Surv. vol. i. ‘‘ Formation of Rocks in the South-west 
of England,” p. 142, and in other parts of the monograph. 

Q.J.G.8. No. 154. Q 
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of white and greenish-brown colour. elspar was present in fairly 
well-defined crystals. The quartz contained cavities similar to those 
found in granite. The minerals occurred in clusters, and appeared to 
have been derived from granitic rocks. The larger grains of quartz 
averaged about -007 inch in diameter. 

No. 2. Colour light brown; more compact than the last. 
Same minerals present, but clusters less numerous. The grains, 
as a whole, more waterworn, the larger ones averaging about 
-008 inch in diameter. Calcareous fragments present. 

No. 3. From about the centre of the series. A calcareous 
shale of light colour with a pale tinge of pink, very micaceous. 
It gave the following chemical composition on analysis :— 


Saltese iexy. ces set eds and ret ota eS: re. oe ees 76°60 
PURE SI EOC E: Nee Reeeeeen Meh ee En Pest Rare NeoN SN «REO 8 SS 8°30 
COGS WOE ATOR Soto eckececicicc dace tousiecens eee ee ne ace eee 2-713 
Mabe is deE ae Ronee oe coee iat tea e acer tee eee eee 5:00 
Cxide Of Man PaNese: 2 sei soc .osseseeoee sehboeme eae eeee "13 
Gar bionic ACiaMte te: MES os Mee ee Se) ee 5:00 
Mineinesia Vig. £3655 sdcovecl oe caatwe deantispeiess nee sneer eee 1:85 
AUoiliea oS 3. eos etek ce ee Cee one ene WN ciwcianae Seen 1:12 
EGOSEOM: TOMNGION °c Macwen <0 vasa es bole gua ch deeenearccenen "39 

100°48 


No. 4. Contained small “vein-stone”’ quartz pebbles, similar, 
except in size, to those in the Old Red Conglomerate. Minerals 
present the same as previously noticed. Quartz grains more water- 
worn than before observed; the larger ones averaged about -012 
of an inch in diameter, It gaye the following chemical composition 
on analysis :— 


SUTRAS. «sae ated Pvranictere ec cal aise be ete. Meme tiee oe erg a 92-66 
ATi tasies! 3: ohn suse e cidt Sebi Nick gk Ree be eee be Eee 2-46 
RD SICLES NOE PHETATO ee on igsae th cireck sh dtianrkss pee de heen SRR Tide ARE ih 3) 
C1 77 SN aR CU REE a em RI Ry 2 Oot 86 
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No. 5. Colour yellow; could not be distinguished, lithologi- 
cally, from some beds of Millstone Grit in the neighbourhood, except 
that the grains of quartz in the latter are more waterworn. Same 
minerals present as before noticed, but a greater preponderance of 
quartz; the larger grains measured about ‘Oli of an inch in 
diameter. 

2. The beds to which I have just referred are succeeded by the 
Lower Limestone Shales, the nature of which is shown in the 
following section :— 
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No, I.—Section of a portion of the Lower Limestone Shales 
exposed in Quarry near Drybrook, Forest of Dean. 


Petrology. ft. in. Chief Fossils. 
Not exposed. ; 
eBeiittes HINESLON Gy cose vou casiea <q neuete ss 3 0 Fossils scarce. 
dompure limestone. ..2:65s-.2+.,2.-<.+- 4 0 No fossils. 
MEIRE SLOW Gre vase ast oes ance Nes aise nc cald 4 Athyris Roissyt. 
Areillaceous beds ..........0...00.000 8 Lhynchonella pleurodon. 
Hi eEEGne 8.2 seca soles cha, “7 Enerinites, 2. pleurodon. 
Fliynchonella-bed ssacs6hs. ip .o0eena- 7 Lt. pleurodon abundant. 
Argillaceous and calcareousbands... 1 0 Encrinites in the calcareous bands. 
| JULIE oy eR RM i tea eee 5 - Encrinites, Polyzoa. 
exreiliaceous beds. else: .0.c626. «<2: 1 4 No fossils visible. 
Polyzoa-bed, impure limestone ... 2 5 Polyzoanumerous, witha profusion 


of Herinites. 
Limestone and beds of clay, not fully exposed. 
MIE, OES ....).qaaudeen aeueteas aoe eee 
To the ‘ Polyzoa-bed ” in the above section I desire to direct 


special attention. It isa cream-coloured impure Limestone, crowded 
with the stems of Poteriocrinites crassus (Miller), which have the 
peculiarity of being insoluble in cold acid. There are also a few 
Athyris Roissyi and spines of Productus; but the most charac- 
teristic fossils are three species of Polyzoa which are also common 
to the Red Limestone of Arran *. 

The next bed of special importance in the above section is ‘he 
one which I have termed the “ Rhynchonella-bed.” It is au 
argillaceous deposit, seven inches thick, and is characterized by the 
number of Rhynchonelle which occur in it. Specimens of these 
shells were sent to Mr. Davidson, F.R.S., to whom I am indebted 
for the determination of them; he wrote to me saying that they 
were a small variety of &. pleurodon “ much crushed.” Besides 
these fossils, the bed contains Athyris Rowssyi, fragments of per- 
forated Brachiopod shells, spines of Productus, and a small Serpula. 
There are also thin yellow-coloured disks, the larger ones avera- 
ging about ‘008 inch in diameter. Some of these resemble 
sporangia; but I leave the matter open for further investigation. 
A sample of the bed was sent to Dr. Hinde, to whom I am under 
an obligation for much kindness in giving me his opinion on 
matters referred to him. Dr. Hinde saw signs of what appeared to 
him to be fragments of the jaws of Annelids ; and he recommended me 
to search further into the matter. This I did, and was rewarded by 
finding one perfect specimen and several fragments; and I now have 
the authority of Dr. Hinde for saying that the jaws found are those 
of Annelids. J 

The whole of the Lower Limestone Shales is not exposed at 
Drybrook ; and the same remark applies to the Mountain Limestone. 
The close of the formation is represented by shales and limestone, a 
part section of which I append; it was taken many years ago by 
Mr. Lucy, who has kindly given me permission to use it. 

* These fossils were submitted to Dr. Wright, F.R.S., and Mr. John Young, 


of Glasgow, who kindly determined the species to be Rhabdomeson gracile, 
Ferestella tuberculata, and Ceriopora similis. They were referred to by Dr, 


Wright in an appendix to this paper, 
Q2 
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No. 2.—Section showing a portion of the upper part of the’ 
Carboniferous Limestone at Drybrook, Forest of Dean. 
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3. The Millstone Grit overlies the Carboniferous Limestone at an 
angle of 45°; and the lower beds have some features which are not 
common tothe upper. Taking first the former, we find (1) that 
they are built up of fine-grained sandstones together with reddish- 
coloured flagstones. (2) There are casts of shells and of other forms of 
life. (3) Remains of a Lepidodendron allied to L. Griffithu (Brongn.), 
are very numerous. The sandstones are composed almost entirely of 
quartz, with a very small quantity of mica and felspar. Coming to 
the upper beds, they consist of sandstones, the grains of which 
are well waterworn ; but no signs of life of any kind have as yet 
been found in them. In some of the beds “vein-stone” quartz 
pebbles occur; and these when compared with those in the Old 
Red Conglomerate seem to be identical, except that they are more 
rounded. One bed, at Sudley, is so full of these pebbles that when 
first discovered it was taken for the Old Red faulted up *, but on 
examination was found to be regularly interstratified with the other 
beds, about the determination of which there was no question or 
doubt. The following is an analysis giving the chemical com- 
position of a typical representative of the Drybrook Millstone Grit ; 
and for the sake of comparison an analysis of the same formation 
from Brandon Hill, Bristol, is also given. 


Forest of Dean. Bristol. 


Silica ...... dap Ga RAS ai an en teil 98°06 97°80 
A MBTETACC GS RAS Sees eee NEA > Seale 8 CRE 2 30 “47 
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Loss on ignition (carbon) .................. 20 A ae 
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Reviewing the evidence of sequence, the Old Red Conglomerate, 
the many-coloured sandy beds and calcareous shales which imme- 
diately follow, and the Millstone Grit, all seem to have been 
formed by materials derived from the same source, namely ancient 
granitic rocks ; but the sediment and pebbles have been subjected to 
various degrees of mechanical attrition: the evidence of this is fur- 
nished by the occurrence of the same minerals in these rocks, and 
especially by the “ vein-stone” quartz pebbles. There is no uncon- 
formability ; and therefore there is no reason for supposing that one 
set of beds can have originated from the denudation of the other: 
this being so, there is no alternative but to accept the view which 
I have expressed. 

As to the correlation, I will only say that the sandy beds and 
calcareous shales, between the Old Red Conglomerate and Lower 
Limestone Shales, have no Old Red affinities, and occupy the position 
of the Calciferous Sandstone group in Scotland; the lower beds of 


* JT have since come across the same bed in another place regularly interstra- 
tified with the Millstone Grit. 
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Millstone Grit, together with the upper portion of the Carboniferous 
Limestone, occupy the horizon of the Yoredale rocks of the North of 
England. This matter I shall treat of in a future paper. 

In conclusion, I desire to return my thanks to Mr. W. C. Lucy, 
F.G.S., for his kindness in drawing my attention to the rocks 
referred to in this paper, and for his assistance in working them 
out. Mr. Lucy is not, however, in any way committed to the 
views which I have expressed. J also tender my thanks to Mr. F. 
D. Longe, F.G.S., for the ready way in which he placed his specimens 
from the Clifton Polyzoa-bed (Stoddart) at my disposal. 

The whole of the strata mentioned are shown in the following - 
section :— 


No. 3.— Vertical Section of the Carboniferous Strata in the Forest 
of Dean. 


Approximate 
thickness. 
Description. tt. Characteristic Fossils. 


Coal-measures (do not come in at 3243 Plant-remains. 
Drybrook). 
Millstone Grit, made up of well- 870 None yet found. 
rounded grains of quartz. 
Lower Millstone Grit, flagstones 100 Casts of Mollusca, plant-remains. 
and sandstones. 
Upper Limestone. 116 Corals &e. 
Carboniferous Limestone; hema- 3860 Producti, Spirifere, &e. 
tite in upper portion. 


Lower Limestone Shales. ............ 1380 Encrinites, Rhynchonella pleuro- 
don, Athyris Royssi, Polyzoa, 
Annelid-jaws. 


Many-coloured sandstones and cal- 247 No fossils identified. 
careous shales. 


Old Red Conglomerate. 


DIscussIon. 


Mr. Erueriver differed from the author as to two points in his 
paper. (1) He thought the term Calciferous Sandstone was inap- 
plicable to the series described -by him; for neither lithologically 
nor palontologically did ‘they correspond with the Tuedian or 
Cement-beds of the north. ‘Two fossils came from the latter and 
were always present, an Athyris and a Nautilus: these were wanting 
in the beds described by Mr. Wethered. (2) As regards the Upper 
Limestone Shales, there were Upper Shales in the Bristol district ; 
but these differed paleeontologically from the Yoredale series of the 
north, and it required better proof in order to identify them. As 
regards the Polyzoa-bed; there was no doubt of its position ; but it 
differed much from that described by Stoddart at Bristol. He ex- 
plained the reason why so large an area was occupied by Millstone 
Grit. The Yoredale beds could hardly come in there, as the lime- 
stone was a deep-sea deposit. 

Mr. Torey said the paper showed great. care and accuracy ; but 


-_ 
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in the question of correlation there were not only the difficulties 
mentioned by the last speaker, but further the Calciferous Sand- 
stone of Scotland represented a large part of the true Carboniferous 
Limestone of England. The Yoredale series also represented a part 
of the Carboniferous Limestone series. 

Mr. De Rance also objected to the correlation. As regards the 
Yoredale beds, though present in Derbyshire they are absent in 
North Wales and around the Shropshire coalfield. The Millstone 
Grit, when traced 8.S.W., thins out, and is missing in North 
Wales in one area. Going further south, the Millstone Grit comes in 
again ; but the Yoredale rocks do not. The name Yoredale was to 
be regretted ; for the Yoredale limestones of the typical valley of 
the Yore are really true Carboniferous Limestone, and correspond 
paleontologically and physically with it. 

Mr. WerHEzED, in reply, said that, if the beds in the Forest of 
Dean occupied the position of the Calciferous Sandstones of Scotland, 
the probability was that they corresponded with them in point of 
time. The paleontological argument also seemed contradictory ; for 
Mr. Etheridge said the Calciferous Sandstone had only two fossils, 
but Mr. Topley asserted there were plenty. .As for Mr. De Rance’s 
arguments, he did not see that lithological similarity could be ex- 
pected in the northern Yoredales and in these southern rocks, 
Even in the latter region the same series underwent a change in a 
comparatively short distance. All he said was that they differed 
from the Millstone Grit and were in the position of the northern 
Yoredales. 
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15. On Gray and Mitnr’s SrismocrapHic APPARATUS. 
By Tuomas Gray, Esq., B.Sc., F.R.S.E. (Read March 7, 1883.) 


THE apparatus a description of which forms the chief subject of 
the present paper, is intended to give acomplete record of the nature, 
magnitude, direction, and frequency of the motions of a point of the 
earth’s surface during an earthquake, and at the same time to record 
the time of occurrence and the duration of the earthquake. The 
apparatus has been made by Mr. James White, Glasgow, and is to 


Fig. 1—Gray and Milne’s Seismographic Apparatus as set up. 
(Scale about one twelfth.) 
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be used by Prof. Milne in his investigations as one of the committee 
appointed by the British Association for the investigation of the earth- 
quake phenomena of Japan. 
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The instrument is suited for recording motions of the earth which 
are under one centimetre on either side of its normal position, while 
the period of oscillation is less than one second. The instrument 
may be adjusted to register motions having a longer period; but it 
is not expected to be called upon to do so. The actual motion of 
the earth is to be derived from a record of three separate components 
of the motion—two horizontal and at right angles to each other, and 
the other vertical. The horizontal components are recorded by a 
pair of conical pendulum-seismographs (see Phil. Mag. Sept. 1881), 
one of which is shown at P, figs. 1 & 2. These instruments are con- 
siderably simpler in form, and can be more readily adjusted, than the 
instruments described in the paper above referred to. They consist 


Fig: 2.—Diagram of Pendulum-Seismograph recording horizontal 
movements. 
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of cylinders of lead, P, supported from their centre of gravity by means 
of a strong silk thread, which is suspended from a point which can be 
moved by a simple screw arrangement in either direction, horizontally 
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or vertically. The pendulum, P, is kept deflected by means of a light 
brass tube, which passes through its centre in a direction at right 
angles to its axis, and which carries at one end a vertical knife-edge, 
and at the other end a very light index of aluminium foil. This 
thin tube rests with its knife-edge in a flat V-groove, which is fixed 
to the supporting column, C; and by sliding it more or less through 
the tube, a greater or less deflection can be given to the pendulum. 
The other pendulum is exactly similar to P, with the exception that 
the aluminium index is fixed at right angles to the tube and close to 
the knife-edge. By this arrangement the two pointers can be ad- 
justed to lie in the same horizontal plane, and in parallel directions. 
When so adjusted, the planes of deflection of the pendulums are at 
right angles to each other. The point of suspension is adjusted to 
be a little in front of, but very nearly vertically above the knife- 
edge, so that the period of free vibration of the pendulum round a 
vertical axis is long, compared with the period of vibration of the 
earth. The vertical component is recorded by means of a compen- 
sated spring seismograph (see Phil. Mag. Sept. 1881), which consists 
of a mass M (figs. 1 & 3) attached near one end of a horizontal lever J, 


Fig. 3.—Diagram of Spring-Seismograph recording vertical 
movements. 


which turns freely round a knife-edge at /, and is supported by the 
flat springs 8, which are attached to the lever by links working on 
knife-edges. To the free end of the lever one end of a small box, 
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B, is hung, the other end of the box being fixed to a horizontal axis. 
This box is partly filled with mercury for the purpose of compen- 
sating by its negative stability the positive stability of the spring. 
The mode of carrying the mass on the end of a lever is adopted in 
these instruments because the period of free vibration can by this 
means be made moderately long with a short spring, thus render- 
ing the instrument more compact and easily compensated. To 
the front of the box B, a very light vertical index is attached. This 
index is made of a very thin tube of aluminium supported by angle 
ties of silk thread so as to give stiffness. The threads are kept 
tight by a spring which presses against the top of the tube. 

The three indexes of the instruments just described rest with their 
outer ends against the surface of the drum D, covered with smoked 
paper, the points being arranged in the same straight line parallel 
to the axis of the drum. When the earth, to which the heavy cast- 
iron sole plate and supporting pillars are rigidly attached, moves in 
a direction at right angles to the line joining the knife-edge and the 
centre of inertia of the masses P and M of the respective instru- 
ments, they remain behind in virtue of their inertia, and thus the 
indices are made to move across the drum in a direction at right 
angles to that in which it is kept moving by the train of clockwork 
W. The distance moved by the points of the indices, combined with 
the known multiplication of the instrument, is sufficient to indicate 
the direction of the motion, while the shape of the curves traced 
on the paper and the distances between them indicate the nature and 
period of the motion, the rate of motion of the drum being known. 
The drum D is driven by a clockwork train of such length that a fall 
of the driving weight of one foot is sufficient to keep the drum going 
at the rate of one turn in two minutes for twenty-four hours. This 
train of clockwork is actuated by two separate driving wheels, one 
on each side of the first pinion, so as to avoid at the same time ex- 
cessive pressure on the bearings of the driving wheels and any 
great pressure on the bearings of the pinion wheel. It is governed 
by a continuous-motion governer, which will be understood from 
fig. 4, in which 6 is a cylindrical brass box mounted on a vertical 
axis of hard steel running at its lower and upper ends in jew- 
elled bearings. The box is connected to the clockwork through the 
pinion p and the crown wheel w. A small quantity of liquid, J, is 
poured into the box; and this, when the box is made to revolve 
rapidly, forms into a paraboloid of revolution. When the liquid 
reaches a certain height dependent on the speed required, it comes 
into contact with a fixed vane v, which checks the motion of the box 
and keeps it going at a uniform rate. It is intended to keep the 
clockwork continuously in motion, so that when an earthquake takes 
place itis ready to receive the record. The duration of the shock 
is then to be reckoned from the length of the record. 

The time of occurrence of the shock is determined by a modified 
form of the apparatus described in the ‘ Philosophical Magazine’ for 
Nov. 1881, p. 363, and called a ‘“time-taker.” The earthquake 
causes a very delicate circuit-closing apparatus (see ‘ Philosophical 
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Fig. 4.—Diagram of Continuous-motion Governor. 
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Magazine’ Nov. 1881, p. 358) to close an electric circuit which, ac- 
tuating electromagnets, causes a mark to be made on the drum D, 
and at the same time the dial of the time-keeper T to move suddenly 
forward against ink-pads fixed to the ends of the hands. In this 
way the hour, minute, and second at which the mark was made on 
the drum D is recorded ; and this, combined with the record of the 
motion which is being written on the drum, is sufficient to determine 
the time at which any particularly prominent feature of the shock 
took place. 

The instruments just described have been made to suit the earth- 
quakes which are commonly experienced in Japan, and are conse- 
quently not adapted for use where the displacement of the earth is 
great. A similar set of apparatus could, however, be made to record 
earthquakes of considerable magnitude. The utility of having such 
records of earthquakes will be readily admitted; and I should call 
special attention to the great value of the combination of the record 
of the time of the occurrence with that of the motions. When the 
time of occurrence of any of the chief features of the shock is known 
for a number of places, it becomes a comparatively easy problem to 
determine the origin of the shock and its rate of propagation. It has 
been the usual practice in earthquake-observations, to take an approx- 
imate measurement of the magnitude and direction of the movement 
at any place and to deduce angles of emergence and direction of pro- 
pagation. Now it is hardly necessary to point out that the direction 
of movement at any point is very much influenced by the presence 
or absence of surface undulations, and of refractions and reflections 
from strata of different elastic moduli. I am of opinion that the 
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direction of motion at any one point cannot be taken as giving at 
all reliable evidence of the direction of propagation of the shock. 


Discussion. 


The Rev. E. Hitt remarked that it was desirable that observa- 
tions of this kind should be made in this and other countries in 
which only small earthquake-movements take place. He called 
attention to the necessity of distinguishing the motions directly due 
to the shock from the subsequent swinging of the pendulum. 

Prof, Jupp asked if arrangements were made in this instrument 
for recording several earthquakes in succession. 

Prof. Hueuxs asked whether the instrument had been tried along- 
side of others differently constructed, and whether the results ob- 
tained were the same. Itseemed more complicated than the instru- 
ments used in the Vesuvius Observatory ; and he would be glad if 
Mr. Gray would explain the advantages of his arrangement for 
dipping the metal point in the mercury over that adopted by Palmieri, 
in which the weight carrying the point is simply suspended by a 
spiral spring attached to the solid framework. 

The Avtuor, in reply, stated that the swing of the pendulum was 
of such a long period, as compared with that due to the earthquake, 
that they could not be confounded with one sr DgHTete The instru- 
ment would record any movements between 54, of an inch and 3 of 
an inch; the multiplication might be varied “from 4to7. No pro- 
vision was made for the occurrence of more than one earthquake in 
the same night; but such repetitions of earthquake-shocks were rare 
in Japan. The instrument had not yet been employed anywhere 
in its present combination. In reply to Mr. Evans he stated that 
an instrument of this kind would cost about £45. 
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16. On the Retatton of the so-called “‘ Nortaampron Sanp” of 
Norra Oxon to the Cryprus-Grit.. By Epwiy A, WALFORD, 
Esq., F.G.S. (Read February 21, 1883.) 


Tae diverse lithological conditions of the deposits in the three 
great sea-basins of the Bajocian period, the Anglo-Norman, the 
Cotteswold, and that of the north-eastern counties, have for a long 
time engaged the attention of geologists in the correlation of their 
various subdivisions. The Anglo-Norman basin, however, with 
the rich molluscan fauna of its marly limestones, willnot come within 
the scope of the present paper. It is to that border-land where the 
estuarine character of the deposits of the northern area becomes 
merged and lost in the marine strata of the Cotteswold type that 
I wish more particularly to direct your attention. The greater 
part of this section of the Midlands, North Oxfordshire, is embraced 
in sheet 45 N.W. of the Geological Survey. 

It may perhaps be worth while to pause for a few moments to 
review the present subdivisions of the Inferior Oolite. Resting upon 
the sands for which Mr. Witchell has appropriately suggested the 
name of the Cotteswold Sands, and which, throughout the Cottes- 
wold area, cover the Upper Lias Clay, are the well-known pisolitic 
beds of the Murchisone-zone. They are exceedingly local in their 
range, and are soon overlapped by the succeeding Lower Freestone 
beds. These find their equivalents, according to Prof. Judd and 
Mr. Sharp, in the lower part of the sandy beds of the Midlands 
known as the Northampton Sands, and northwards in the equally 
well-known Dogger of the Yorkshire coast. The succeeding Cottes- 
wold stage, the Oolite Marl of the Sowerbyz-zone, passes from its 
marly character in the north to that of a Nerinwan and coralline 
limestone southwards, and, much reduced in thickness, courses 
through Dorsetshire to the coast. <A part of this Oolitic sea, as I 
shall presently show, stretched into North Oxfordshire ; and in the 
appearance of the Lincolnshire Limestone near Kettering the con- 
tinuance of the northern deposits of the period has been indicated, 
whilst in Yorkshire the Millepore beds present a fauna so analogous 
as to allow of easy correlation. The freestones of the next higher 
or Humphresianus-zone are confined to the south-western area, and 
though for the most part very barren, are in the Anglo-Norman area 
of Dorset rich ina remarkable molluscan fauna. In Yorkshire the 
Grey Limestones of Scarborough have been referred to this horizon. 
The zone of Amm. Parkinsoni which follows, though much better 
developed in the north-east Cotteswold region, is yet readily to be 
traced throughout Dorset and the south-west Cotteswolds, It 
extends into North Oxfordshire under that condition known as 
the Clypeus-grit with associated strata, which it will be my en- 
deavour to describe. In Yorkshire Mr. Hudleston finds no evidence 
of this zone, and is disposed to believe that both it and the Great 
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Oolite may be represented in time by the Upper Estuarine series 
locally known as Upper Shale and Sandstone. 

The Cotteswolds.—As one travels eastwards from the neighbourhood 
of Cheltenham, the gradual attenuation of the lower Bajocian deposits 
of the Cotteswolds, so well illustrated in the works of Drs. Lycett, 
Wright, Holl, and Professor Hull, is admirably shown in the sections 
exposed in the new Banbury and Cheltenham Railway. One imme- 
diately loses sight of the Pea~Grits of Leckhampton Hill; and though 
at Notgrove station the Oolite Marl is well represented and fossili- 
ferous, yet two miles nearer Bourton-on-the-Water only a thin seam 
of marl containing old and separated valves of Terebratula fimbria, 
anda few feet of very oolitic limestones of doubtful relationship, are to 
be seen beneath the bored bed at the top of the Upper Freestones. 
Old specimens of 7’. fimbria also occur in a hillside freestone quarry 
on the road from Bourton to Eyeford, though no trace of the marl 
is there apparent. 

At Bourton the rocks are strangely broken ; and in the railway- 
section nearest the station, tumbled masses of Clypeus-grit are to be 
seen resting upon the Upper Lias with the intervention of merely 
a few feet of (crinoidal) limestone and sand. The Clypeus-grit shows 
thereabouts no trace of that attenuation which characterizes the lower 
horizons of the Inferior Oolite—a fact well illustrated in a section 
about 13 mile east of Notgrove, where I haye made the following 
measurements :— 


ft, in. 
Clypeus-grit, a rubbly brown oolitic limestone with © 
Homomya gibhosa, Amm, Parkinsoni, Ter. globata, 
GCs BOP pM Obes OWT. ores Ao Maees modem dee er ades eg 36 0 
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It will be worth while here also to note an interesting develop- 
ment of sandy limestones between the Clypeus-grit and the Fuller’s 
Earth. These are shown in a cutting about midway between 
Bourton and Notgrove, east of the Harford-road Bridge. 
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At the base of the Fuller’s Earth a course of waterworn lime- 
stone nodules, often coated with Serpule, yield Trigonia producta, 
Terebratula globata, Nerinea sp. and corals. 

Near Stow-on-the-Wold the lower beds of the Parkinsoni-zone 
rest upon a bed of freestone containing numerous joints of Penta- 
crinites, fragments of Echinoderms, and Polyzoa of the genera 


: 
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Spiropora and Apseudesia. A similar bed can be seen at the base 
of the tumbled oolites of the Parkinsoni-stage near Bourton. 

Upon crossing the vale of Moreton and reaching the neighbourhood 
of Chipping Norton one finds the ragstones, in some localities 
approaching the Pholadomya-grit of Dr. Lycett*, resting boldly upon 
the thin beds of the Upper Lias. Ina brickyard at Salford the un- 
conformability between the two formations is well marked, and the 
remains of an interposed fine-grained freestone bed are to be seen. 

NV. EH. Counties—As in the marine strata of the west there is 
thinning-out of the beds in their north-east course, so in the south- 
west range of the Upper Estuarine series and the Lincolnshire Lime- 
stone there is constant diminution of thickness. The disappearance 
of the latter has been noted at Geddington, north-east of North- 
ampton, by the late Mr. 8S. Sharp in his excellent paper on the 
Oolites of Northamptonshire. The ‘ Northampton-sand ” series, as 
may be seen by reference to Prof. Judd’s tables f, diminishes in 
thickness towards Northampton, where, however, it again acquires 
a great development only to thin away again in its south-west 
course towards Oxfordshire. 

North Oxfordshire-—Mr. Hudleston writes t “ Under the term 
‘Northampton Sand’ are included in North Oxfordshire the whole 
mass of variable sandy strata (passing at some points into imperfect 
ironstones, and at others into impure limestones) which intervene 
between the Upper Lias Clay and the marly limestones of the Upper 
Zone of the Great Oolite. Such an essentially provisional arrange- 
ment may suit in some places; but at Chipping Norton it is certainly 
liable to mislead, as we have the conventional namesake of the true 
Northampton Sand, which at Northampton comprises the zones of 
A. Murchisone and A. opalinus, superposed on the Clypeus-grit or — 
A. Parkinsoni zone—in other words the Inferior Oolite is turned 
upside down.” 

The coming together in the Inferior- and Great-Oolite systems of 
beds somewhat similar in lithological composition has been a frequent 
source of perplexity to the officers of the Geological Survey. 

In the north-east corner of the map previously mentioned is 
situated the town of Banbury, flanked eastward by the valley of the 
Cherwell. To the extreme south-west lies Chipping Norton, west 
and north-west of which stretches the vale of Moreton with its 
easterly boundary of the oolitic outliers of Tysoe Hill, Brailes Hill, 
Long Compton Hill, and the Addlestrop and Rollright plateaux. 

Before passing on to the description of the area, which in great 
part seems to be covered by beds ranging higher in the Inferior- 
Oolite system, it will be well to pay attention for a short time to a 
somewhat abnormal series of oolitic limestones at Coombe Hill, about 
5 miles south of Banbury. The beds, the remains of which were 
formerly worked at Blackingrove, on the opposite side of the valley 
to Coombe Hill, have been let down by a fault. The following is a 
section :— 


* Cotteswold Hills, p. 68. Tt Geol. Rutland, pl. 1. 
+ Proc. Geol. Assoc. vol. v. p. 383. 
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Professor Judd, in the admirable introductory essay to his ‘ Geology 
of Rutland’ has briefly described the beds, and has given a list of 
fossils from the collections of Mr. T. Beesley, F.C.S., and the Survey. 
This list I have fortunately been able to supplement with a few 
species, see Table A (p. 239). 

Amongst the common fossils are Natica cincta (leckhamptonensis), 
Terebratula submaxillata, Serpula socialis, and Ostrea Marshiv. 

Amongst the Polyzoa occur species of Apseudesia, Diastopora, 
Tubulipora, and Stomatopora, whilst the Millepore Spiropora stra- 
minea isnot uncommon. In the ‘Geological Magazine’ for May 1882, 
Mr. Hudleston has shown WNatica cincta to be a characteristic 
shell of the zone of Ammonites Sowerbyi, not only in the Millepore- 
beds of Yorkshire, but also in the Oolite Marl of the Cotteswolds. 
The occurrence in Oxfordshire of this shell with the Polyzoa so fre- 
quently found in this horizon adds to its right to be so considered ; 
and hence we may infer that we have a local development of a zone 
hitherto unrecognized in our area. Perhaps, however, Professor Judd 
may have included this phase as a subzone of Ammonites Murchisone. 
The Ammonites are unfortunately so badly preserved as to furnish 
little additional evidence. The numerous corals, the bulk of which 
are rolled and waterworn, show the coralline conditions of this oolitie 
sea. The characteristic Brachiopoda, with the exception of one doubt- 
ful specimen of Terebratula fimbria in Mr. Beesley’s collection, are 
absent. Terebratula submawillata, however, is abundant*. 

Banbury and Hook-Norton type.—In theimmediate neighbourhood 
of Banbury a few sand-capped hills and an outlier preserved by a 
fault alone testify to the former extension of beds of the Bajocian 
series over the locality. Nine miles north-west of the town a small 
patch of sand occurs on the crest of one of the picturesque hills of 
Burton Dassett, marking, so far as we can ascertain, the limit in that 
direction ; whilst north-eastwards the ridges of Byfield, Red Hill, 
and Thorpe Mandeville border the more extended deposits of North- 
amptonshire. 


* By the kind courtesy of Prof. Prestwich, F.R.S., I have been enabled to 
examine collections from Blockley, made by Mr. 8S. Stutterd and now in the 
Oxford University Museum, A fauna almost identical with that of Coombe 
Hill, including even Natica cincta, is shown, associated with characteristic 
forms of the Oolite Marl, such as Terebratula fimbria, Waldheimia carinata, and 
Rhynchonella subosoleta. 


Q.J.G.8. No. 154. R 
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At the Constitution-Hill section near Banbury all that remains ~ 
of the Inferior Oolite is from twelve to twenty feet of white and 
fawn-coloured sands with occasionally bands of stone containing such 
fossils as are here quoted, associated with numerous plant-remains. 
Between it and the Great Oolite above, both of which have been let 
down by a fault, a thin stratum of black clay intervenes. 

Pycnodus. Pecten articulatus. 


Trigonia v-costata. | Avicula braamburiensis. 
conjungens. | Ostrea gregaria. 


Tancredia axiniformis. , Sp. 
Corbicella bathonica. Diastopora. 
Astarte, sp. Serpula filaria. 


Car dium, sp. Montlivaltia lens. 
Gresslya abducta. Annulated Algee. 


The type of deposits of the district N. and E. of Banbury is very 
similar—sands, often ferruginous, with occasional courses of shelly 
limestone towards the base. These rest upon and pass into the clays 
of the Upper Lias, without, so far as I have seen, any appearance of 
unconformability other than in the marked change of life. South- 
westward the same conditions prevail. Over the high lands from 
Tadmarton Camp to Hook Norton stretches a series of beds of sand and 
sandy limestones, below which follow courses of brownish crystalline 
limestone containing Montlvaltia lens, Pecten demissus, P. personatus 
and P. lens, and rolled stones covered with Serpule and Polyzoa. 
From the sandy beds were obtained annulated stems of Alge; and 
by the Rey. P. B. Brodie a pretty new species of Trigonia, described 
by Dr. Lycett, in his monograph of the British Trigoniw, under the 
name of T'rigonia Brodiei, was got from the limestones which appear 
to represent the base of the Inferior Oolite. ~ 

The sequence of the beds may be noted in passing up the Mil- 

combe Hill towards the Camp, a fine specimen of a Romano- 
British earthwork. The road-cutting exposes the Upper Lias clays ; 
and further on a small limestone-quarry yields, though sparingly, 
the fossils mentioned. The overlying sands are shown best in the 
sand-pits on Tadmarton Heath at the top of the hill. . Other, though 
sparingly fossiliferous, sections, where courses of hard limestone 
come in between the sandy beds, may be seen near the Gate Inn, 
Hook Norton, by the roadside south of Sibford Ferris, and near the 
Temple Mill. The whole of these beds, hitherto termed ‘‘ Northamp- 
ton Sand,” are included under that phase of the Inferior Oolite 
marked in the Survey map 5'g 7’; and this same 5’ g 7’ aiso includes 
the lower zone of the Great Oolite of this district. 

The new railway-cutting about half a mile south of Hook Norton 
has fortunately supplied a section (fig. 1) so complete that we may take 
it for our type in attempting the correlation of other beds of the dis- 
trict. The hill has been but partially worked through, the cutting 
on its north side being the longer and deeper; that on the south 
side near Duckpool Farm, though shallower, still shows the fossili- 
ferous beds of the Inferior Oolite resting upon the Upper Lias, 
against which are faulted aseries of the Lower Limestones and clays 
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Fig. 1.—Vertical Diagram Section, Hook Norton. (Scale 1 : 144.) 
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of the Great Oolite. A trench at the end of the base of the northern 
embankment shows the Middle Lias rock-bed of the zone of Am- 
monites spinatus, with the characteristic Rhynchonella tetraédra and 
Terebratula punctata and Edwardsii. Upon entering the cutting, the 
Inferior Oolite beds are seen to be flexured and broken in their dip 
with the slope of the hill; and it is not until the upper part of the 
cutting is reached that the strata are sufficiently undisturbed to 
allow of measurement with any degree of accuracy. That the ten 
or twelve feet of blue clay, with numerous hard claystone nodules 
is that of the superior division of the Upper Lias, the Leda ovwn 
beds, is evidenced by the following fossils :— 


Ammonites fibulatus. Leda ovum. 
fonticulus. Thracia glabra. 
subplanatus. Pleuromya rotundata. 
bifrons. Inoceramus dubius. 
sp. Monotis substriata. 
Belemnites subaduncatus, Discina reflexa. 
vulgaris. Eryon. 
Cucullza elegans. Scales and bones of fish. 


The following is the section in the Oolites measured with the kind 
help of Mr. Windoes :— 
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Fragments of a higher bed than any in the section and represent- 
ing conditions not previously recognized in Oxfordshire are shown 
here and there in rifts caused by the flexure or faulting of the 
Inferior-Oolite Limestones in their dip towards the valley. The 
fragments consist of a hard marly limestone, through the grey base 
of which in some parts are scattered oolite grains of a yellowish 
colour. Itis crowded with small Gasteropods of the genera Cerithium, 
Kilvertia, Monodonta, and Nerina ; bivalves are equally prominent, 
amongst which Mytilus ombricatus and small shells of Astarte (nov. 
sp.) predominate. Numerous specimens of a fine coral (Cryptocenia) 
also occur. The fauna is essentially dwarfed in character, and its . 
relationship is with that of the lower zone of the Great Oolite. 

From the Lower Limestone bed (No. 26) I have obtained Lima 
punetata, Avicula Munsteri, Rhynchonella cynocephala, and a pro- 
bably new species of Delphinula. This limestone with the red sand 
below I have designated series A of the section. The sandy flaggy 
limestone (B) yields a smooth Ammonite, believed by Mr. Hudleston 
to be referable to Ammonites leviusculus, Sow., aS well as Terebra- 
tula perovalis and T. submaxillata, Myacites Goldfussi, &e. I have 
obtained Z’rigonia producta from the worn and oyster-covered surface 
of bed 24(C). A coral band at the base yields magnificent specimens 
of Clausastrea Conybeari, Isastrea serialis and limitata, and Tham- 
nastrea Defranciana. The succeeding layer (bed 22 of series C), 
an oolitic shelly limestone, has yielded the bulk of the species in the 


OF NORTH OXFORDSHIRE AND THE CLYPEUS-GRIT. Qik 


list. The common forms are Astarte minima, Pecten lens, and Lucina 
despecta, with which occurs more rarely Rhynchonella spinosa. A 
fragment of Ammonites Parkinsont came apparently from this 
stratum also. The Trigonie, though not numerous individually, 
array themselves in great force specifically; noticeable amongst 
them are the bold and beautiful valves of 7. producta, 1. gemmata, 
and the varieties of 7’. segnata. Several of the species named evidence 
a horizon of the Inferior Oolite approaching that of the Trigonia- 
grit; Astarte minima and Trigoma signata oceur in the Grey Lime- 
stone of Scarborough; but 7. producta seems not to have ranged 
lower than the Trigonia-grit of Cheltenham and Stroud. 
The plant-bed of series D suggests a change of conditions from 
the decidedly marine and coralline phase of the lower beds. Car- 
bonaceous fragments occur more or less throughout the whole of 
this series, especially in the limestones Nos. 14 and 19; the fauna, 
however, is still marine. Qucnstedtia oblita, again, a species of the 
higher beds of the Cotteswolds and Yorkshire, occurs in series D, 
associated with the remains of stems of reed-like plants and wood. 
The series E, of sandy limestones passing at times into a bastard 
freestone, which we have not met with before reaching the Hook- 
Norton area, covers the greater part of the high lands about Rollright, 
Long Compton, and Addlestrop. It is capped here and there by 
coarse oolitic grits hereafter to be described. I have measured 
sections near Chipping Norton attaining a thickness of 20 feet. 
Towards the base of this series occurs a sandy limestone crowded 
with an oyster approaching the Ostrea calceola of Quenstedt (pyxi- 
formis of Wright), together with numerous specimens of Lima cardi- 
ormis. 
‘i Table B (pp. 239-242) gives a list of the Hook-Norton fossils. 
Between Hook Norton and Swerford, about a quarter of a mile from 
the latter village, Mr. Bennett’s quarry shows a series of the upper 
beds of the Inferior Oolite which exhibit the passage-beds into the 
Great Oolite more clearly. It is as follows :— 
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The pit furnishes the road-metal for the greater part of Swer- 
ford parish, and is worked close to the edge of a fault which traverses 
the country from E. to W. The fragments of grey limestone min- 
gled with the black clay are identical with similar fragments from 
the top of the Hook-Norton cutting. Out of a fissure towards the 
lower end of the pit have been extracted some great blocks of 
travertine-like stone with beautiful surfaces made up of radiating 
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masses of pale yellow crystals. Several of the blocks were from one 
to two feet thick and quite pure. That the sequence of the beds 
below is the same as at Hook Norton can be traced in an old quarry 
in a garden on the other side of the valley, where the lower lime- 
stones have beenworked. The fawn-coloured sandy limestones, there- 
abouts the top beds of the Inferior Oolite, may be seen, in several 
other sections on the south side of Swerford Park, attaining a thickness 
of about twenty feet, and often banded with ferruginous stains. At 
Colls-Coombe barn they are to be seen capped with black clay, which 
Mr. Hudleston * has made a boundary-line between the Inferior. 
and Great Oolite beds of the region. 

Between South Newington and Wiggington, about half a mile west 
of the former, a now disused roadside quarry presents conditions 
slightly varying from the Hook-Norton type, in which Astarte minima 
is rarely associated with plant-remains. It shows :— 
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A fault crosses the quarry from E. to W., bringing down a mass 
of fawn-coloured sands with the ordinary black-clay capping. 

On ascending the Otley Hill, two miles and a half north-west 
by west from Hook Norton, one notes in the fine panorama of 
Midland scenery the high plateau of Tadmarton throwing off, on its 
northern flank, the tributaries of the Stour to flow westward, whilst 
from the base of the ridge on which one stands the stream springs 
to join the Swere, which meanders in its journey to the valley of the 
Cherwell round the knolls crested with the villages of Wiggington, 
Sonth Newington, and the Barfords. The rich red colour of the 
arable lands of the Middle-Lias marlstone lies in pleasant contrast 
about the green slopes of the Lias vales. Near the top of the hill, 
and in a small quarry by the side of the road leading to Traitor’s 
Ford, some fossiliferous beds are to be seen, the equivalent of series 
B and © of the Hook-Norton cutting, mingled with the remains of 
an apparently lower horizon. Prof. Judd has described the section? _ 
and has given a list of the fossils, which I quote with additions by 
Mr. Windoes and myself. See Table C (p. 242). 

One is confronted here by the difficulty of an apparent admixture 
of forms supposed to be restricted to both high and low Cotteswold 
horizons. The former is evidenced by Trigonia signata and T. pro- 
ducta, and the Terebratula globata of Prof. Judd’s lists; the latter 


* Rep. Geol, Assoc. vol. v. no. 7, p. 3. 
t Geol. Rutland, p. 21. 


OF NORTH OXFORDSHIRE AND THE CLYPEUS-GRIT. 233 


by separated valves of Rhynchonella cynocephala from my own cabi- 
net, and Terebratula simplea from that of Mr. T. J. Slatter, F.G.S. 
It would appear as if there are here some remains of beds of a lower 
zone, or of material derived from them, though the section is 
unfortunately so small as not to allow satisfactory determination. 
The fauna of series B and C of Hook Norton is very similar, except- 
ing, however, the last-named species. 

A little higher up the hill a sand-pit exposes the plant-beds, D; 
and in the roadside quarries nearer Great Rollright the ridge is 
crested with beds of sandy siliceous limestones representing series E. 
Attention must here be called to the fact that at the north end of 
the ridge called Otley Hill, immediately above the Upper Lias, is the 
outcrop of the so-called “ Northampton Sands” (Hook-Norton type), 
whilst two miles further south-westward, on the north and south 
flanks of the part called Bright Hill, whereon stands the well-known 
circle of the Rollright stones, crops out the Clypeus-Grit (Cotteswold 
type), richly stored with its characteristic fossils and resting also 
upon the Upper Lias. 

At Whichford, about two miles west of Otley Hill, a roadside 
quarry yields Astarte elegans &e. At the Grayton pit, further 
up the hill, the higher beds are extensively worked, and a stratum 
abounding ‘with separated valves of T'rigonia signata can be clearly 
traced. The section as measured is :— 


ft, .1 
Wag, A SILTEEAE Spats nae Babee, AS Wek Rc, eine ae oR te me 70 
2. Cream-coloured siliceous limestone ...............ccceescceeeeees 6 6 
3. Sandy limestone with 7. stgnata, passing into No. 4 ......... 10 
4. Blue-hearted limestones, with wood; base not shown......... 3 0 


Fig. 2.—Vertical Diagram Section, Sharpshill, 14 mile N. of 
Otley Hill. (Scale 1: 144.) 
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Gervillia levis, Avicula braambu- 
SSS riensis, Ostrea Knorrii, and Tri- 
l S| gonia costata. 


Chipping Norton.—Upon taking to the Chipping-Norton road and 
descending the hill to the Dip valley, one notes, in the fields to the 
north-west of Langdon Bridge, the outburst of springs marking the 
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top of the Upper Lias, whilst the banks above the stream are strewn 

with fragments and ordinary fossils of the Clypeus-grit, with which 
are pieces of limestone conglomerate, containing Montlivaltia lens 
and Pecten personatus, together with compact and sandy lime- 
stones, with Mytilus Sowerbyanus, Avicula Munstert, &c., forms 
common to the lower beds of the Hook-Norton area. Pecten perso- 
natus occurs abundantly at the base of the Parkinsoni-zone near 
Notgrove. Superimposed beds of the fawn-coloured oolitic sandy 
limestones can be traced in the crest of the slope, in the roadside 
quarries, and in the quarry on the Bright-Hill road. <A fault cross- 
ing the district from N.E. to 8.W. has fortunately caused the preser- 
vation of the higher beds which the railway has intersected. <A 
detailed section has been given by Mr. Beesley*, and a summarized 
section by Mr. Hudlestont. In the railway-cutting the fawn- 
coloured limestones (E) are shown in the excavation for the piers of 
the bridge, covered elsewhere by 8 feet of hard crystalline limestone- 
grits, composed of rolled fragments of shells andspines of Echinoderms, 
quartz, and oolitic grains, but containing few recognizable fossils. 
Upon these rests a bed of whitish, compact, fine-grained mortar-like 
limestone, with shells in very indifferent preservation and a few 
plant-remains. Mr. Beesley, prior, however, to the discovery of any 
recognizable fossils, suggested its affinity with the Lincolnshire 
Limestone, supposing it to be inferior to the Clypeus-grit, which 
appears hereabouts to be at the base of the Inferior Oolite of this 
district. Fortunately, since Mr. Beesley’s paper was written, the 
diligent work of Mr. J. Windoes has been rewarded by the accumu- 
lation of the following fossils, to which I have been able to add 
a few species. Those marked { are from the gritty limestones — 
(Chipping-Norton limestones), the others from the mortar-like bed. 


Saurian tooth. | Leda, sp. 

Nerinza Hudesii, M. & L. {Opis similis, Sow. 
{Nerinza, smooth sp. tLima cardiiformis, Sow. 
{ Nerinza. tAvicula costatia, Sow. 

Nerinza, several forms. Astarte. 
tNerita rugosa, M. & L. {Placunopsis socialis, Mf L. 

Turbo paludinzformis. {Pentacrinites, 

Turbo, small sp. {Spines of Cidaris. 

Solarium, small sp. tAcrosalenia. 

Cerithium limeeforme?, Rém. tPlates of Starfish. 
{Pleurotomaria, noy. sp. _ , Plant-remains. 


tActeeonina, several forms. 


Immediately below the black clay, the base of the Great Oolite, 
is a layer of red and black sand with occasionally blocks of traver- 
tine-like stone, which I have noted as occupying a similar position 
at Swerford and also around the slope of Bright Hill towards Long 
Compton. These are suggestive of great waste towards the close of 
the Bajocian period ; for, capped as the blocks are with marls and 


* Proc. Geol. Assoc. vol. v. p. 15. 
t Ibid. p. 3. 
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Fig. 3. — Generalized Vertical Section, Chipping Norton. 
(Scale 1 : 144.) 
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clays, it would be difficult to imagine them to have been formed sub- 
sequently to the deposition of the impervious layers. 

About half a mile south of Langton Bridge, at the Cross Roads, the 
Clypeus-grit, with its characteristic fossils, C. Plottw, Terebratula 
globata, &c., may be noted in the road-cutting. Its junction with the 
Upper Lias is apparent by the growth of coarser grass and rushes. 
The walls by the roadside are built of the ragstone abounding in the 
fossils mentioned. Resting upon the grit may be seen a few feet 
of sandy limestones of the lower Hook-Norton type, the probable 
equivalents of C and D. In stacks of stone by the roadside, derived 
from the banks, I have noted the following fossils :—Pecten articu- 
latus, Trigoma producita, Astarte minima, Myacites Goldfussi, Perna 
mytiloides, and plant-remains. These pass into sandy limestones, 
with abundant carbonaceous fragments, containing Trigonia signata, 
which in turn are covered by the siliceous oolites of which sections 
may be seen near. To Mr. Windoes, of Chipping Norton, must be 
assigned the credit of having first noted the sequence of the beds of 
this interesting cutting. The beautiful species of Trigonta men- 
tioned characterizes such horizons as the Upper Trigonia-grit of 
the Cotteswolds and the Grey Limestone of Yorkshire. It is found 
also, occasionally in abundance, in a quarry near the Priory Farm. 
Many years since, it was collected in large numbers by my friend 
Mr. Stutterd from a pit between Rollright and Hook Norton, where 
now, however, it is rarely to be found. The fossil is associated with 
an oyster, perhaps Ostrea calceola, Quenst., and Lima cardiformas. 
Some of the specimens from this region show a singular variation 
in the area; the upper part has solid rib-like costelle in the place 
of the two fine costelle which ordinarily proceed from the marginal 
nodule. The median row of tubercles has vanished, and the line is 
shown by the inflexion of the thick V-shaped costelle*. The late 
Dr. Lycett was engaged in describing the Oxfordshire varieties of 
T. signata, with several new species, for a supplement to his beauti- 
ful monograph on the British 7rigonie, prior to the illness which 
deprived us of the aid of so skilful a paleontologist. 

The siliceous oolites which cover the whole of the Chipping-Norton 
area, and which we have noted as covering the bed with Tirigoma 
signata, have been called by Mr. Hudleston the Chipping-Norton 
Limestone. It is probable that they attain a thickness of 30 feet, 
though not more than 14 feet of these beds are seen in Mr, Hudle- 
ston’s type section, the Ceteosaurus-quarry. 

Resting upon this limestone at Pomfret Castle, on the Banbury 
road, is a bed of tough ragstone, from | to 2 feet in thickness, crowded 
with casts of costate and clavellate Trigoniw. The same bed made 
its appearance also at the Park-corner quarry, now closed up, about 
one mile north of Chipping Norton. Blocks, probably transported, 
can be seen alsoin some disused stone-pits in Heythrop Park. Mr. 
Windoes states that during some excavations for the Chipping- 

* The Trigonia signata from the lower part of series C of Hook Norton is 


similar to the form found at Cold Comfort, near Cheltenham. Those from 
higher beds near Rollright are more truncated posteriorly. 


EE 
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Norton water-works, he saw this bed covered by yellow clays con- 
taining an abundance of Ostrea acuminata. 

The Inferior Oolite of Sheet 45 N.W., mapped by the Geological 
Survey as 5’ g 7’, and in part hitherto termed the “ Northampton 
Sand” of North Oxfordshire (C, D, and E of my section), may be 
divided into (1) the marine and estuarine limestones of the Hook- 
Norton type, (2) the Trigonia-signata bed, and (3) the Chipping- 
Norton Limestone, which embraces all between the “signata” bed and 
the Great Oolite. The greater part of the limestones of the Hook- 
Norton type have been shown to overlie the Clypeus-grit at the Cross 
Roads near Over Norton and in the Dip valley near Langdon Bridge, 
and hence to the base of the Chipping-Norton limestone, at least, to 
be well within the zone of Ammonites Parkinsoni. Well-sinkings 
have been noted at Chipping Norton by Mr. Windoes, yielding the 
characteristic fossils of the Hook-Norton limestones, before the Cly- 
peus-grit was reached. Whether the Chipping-Norton limestones 
can be assigned to the Parkinsont zone is somewhat doubtful; for, 
with the exception of a large Patella and an Ammonite which 
appears to be Amm. bullatus, D’Orb., recognizable fossils seem 
not yet to have been found. Certainly in the mortar-like beds of 
the Dip valley (Langdon Bridge), if not in the limestones below, 
there is the dawn of a Bathonian fauna not so distinct in its facies 
from the remains of the Great-Oolite beds above as from that of the 
Inferior-Oolite beds beneath. In part, perhaps, the equivalent of 
these beds above the Clypeus-grit may be found in the white oolite 
above the Clypeus-grit of Mr. Witchell’s Stroud-hill section*, and 
in those beds constituting the Inferior Bathonian of the Céte-d’Or 
described by M. Jules Martiny. 

It will be remembered also that in the section quoted between 

Notgrove and Bourton-on-the- Water sandy limestones with Y’ri- 
gona, and a clay-bed with plant-remains, intervene between the top 
of the Clypeus-grit and the base of the Fuller’s Earth. The base of 
the Fuller’s Karth in that section I have found to be full of water- 
worn stones incrusted with Serpule, rolled corals, numerous frag- 
ments of Zragoma (including a fairly preserved Trigona producta of 
the Oxfordshire type), Nerina, and Tercbratula. These appear to be 
the representatives of beds which I have shown to attain no incon- 
siderable development eastwards. 
_ If, as seems to be probable, the Oxfordshire equivalents of these 
beds underlie the Fuller’s Earth, they should belong to the Inferior 
Oolite, notwithstanding an incoming of Bathonian fossils. How- 
ever, Ammonites bullatus in the Chipping-Norton limestone has a 
Bathonian look. 

Dr. Wright, in speaking of the eastern phase of the Clypeus-grit, 
states that “‘it is not, as it has been figured and described by some 


* “Notes on a section of Stroud Hill,” by E. Witchell, Hsq., F.G.S. (Proc. 
Cotteswold Field Club.) 
Tt Descr. du Groupe Bathonien dans la Céte-d’Or, par M. Jules Martin. 
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authors, a bed superior to the Upper Trigonia-grit of Leckhampton*, 
but is in fact the equivalent of the Lower Trigonia-bed.” The 
analysis of the table of fossils of the Hook-Norton limestone (C) in- 
clines towards an agreement with the fauna of the zone of Ammonates 
Parkinson. The affinity between the Clypeus-grit and series C 
and D of Hook Norton is illustrated by the occurrence in both of 
Trigonia producta and Am. Parkinsoni, as well as of such cosmopo- 
litan forms as Pecten personatus, MyacitesGoldfussi, and Pholadomya 
Heraulti.. Another link in the chain of evidence is that. Trigonia 
signata has not been found in the Clypeus-grit of North Oxford- 
shire, but appears sparely in the Hook-Norton Limestone, and attains 
its maximum and dies out in the “ signata” bed, into which the Hook- 
Norton limestones probably merge. A noticeable feature, however, 
is the restriction to the former bed of such abundant species as 
Homomya gibbosa and Clypeus Plottti, neither of which appears to 
have been found in either Hook-Norton or Chipping-Norton lime- 
stones, though the passage of the latter species is demonstrated 
by its appearance in the lower beds of the Great Oolite. Terebratula 
globata, quoted by Prof. Judd from Otley Hill, I have recognized 
doubtfully in a solitary specimen from Hook Norton. 

It appears as if this area, during the Lower Jurassic period, formed 
a barrier which prevented the sea of the Clypeus-grit from ex- 
tending into the north-east area, but was surmounted by the later 
overflow of seas affected by the estuaries of the north-east; and 
so the Echinoderms and Mollusca which characterize the grit died out 
or migrated, being unable to adapt themselves to the new conditions. 
The sea would seem to have receded after the deposition of the 
early oolitic beds only to return after the filling up of the greater 
part of the Cotteswold basin. There is evidence of considerable 
denudation after the deposition of certain of the Lower Bajocian 
beds and prior to the time of the Clypeus-grit, and again at about 
the commencement of the Great-Oolite period. The former is 
shown in the’ before-mentioned section at Salford, where the 
Clypeus-grit can be seen resting unconformably upon the Upper 
lias, with the intervention here and there of the remains of a 
compact freestone-bed covered by a thin ferruginous band. ‘The 
records of the second period are evident wherever the junction 
of the Inferior with Great Oolite is shown. At Sharpshill (fig. 2), 
Swerford, and Newbottle it is especially marked. 

Of the subsequent denudation by which the hills of North Oxford- 
shire were in so many cases partially, if not wholly, stripped of their 
limestone caps, and by which the soft outlines of the placid scenery 
of the Midlands were sculptured, nothing need here be said. 


_* “On the Subdivisions of the Inf, Oolite of the 8. of England,” by Dr, 
Wright, F.R.S. (Quart. Journ. Geol. Soc. vol. xvi. p. 43). 
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Taste A.—Fossils from Coombe Hill, Oxfordshire. 


Strophodus. 

Acrodus. 
* Ammonites Murchisonez, Sow. 
, Sp., cast. 

Nautilus. 

Belemnites ellipticus, Mii7. 

Natica cincta, Phill. 

Patella rugosa, Sow. 

Chemnitzia ?; very large sp. 
* Nerinza Jonesii, Lye. 


7% Bhasenaile striata, Sow. 
Cerithium limeforme, Rém. 

* Pleurotomaria ornata, Defr. 

, Sp. 

Cypricardia brevis, Wright. 

Myacites Goldfussi, Ag. 

Tancredia ? 

Mytilus imbricatus, Sow. 

lunularis, Lye. 

* Arca Prattii, M. & L. 

- , Sp. 

* Myoconcha crassa, Sow. 

* Modiola aspera, Sow. 


Macrodon Hirsonensis, d’ Arch. 


* Astarte elegans, Sow. 
Trigonia Beesleyana, Lyc. 
pullus, Sow. 
* Lucina Wrightii, Opp. 
Lithodomus. 
Lima cardiiformis, M. & L. 
-—— pectiniformis, Schl. 
ovalis, Schl. . 
rodburgensis, Lyc. 
, NOY. sp. 
Pecten lens, Sow, 
arcuatus, Sow. 
articulatus, Schl. 
vimineus, Sow. 
* annulatus, Sow. 
personatus, Miinst. 


Hinnites abjectus, Phii. 
Perna rugosa, var. quadrata, M. & L. 
Geryillia pernoides, US 
Harpax, sp. 
Ostrea flabelloides, Sow. 
Pf , var. 
* Terebratula globata, Sow. 
* —___. nerovalis, Sow. 
—— Phillipsi, Sow. 
fimbria, Sow. 
— plicata, Buckm. 
submaxillata, Mor. 
Rhynchonella, sp. 
Serpula socialis, Goldf. 
conyoluta, Goldf. 
, 8p. 
Pentacrinus Milleri, Awst. 
Pygaster semisulcatus, Phill. 
Stomechinus germinans, Goldf. 
Symphyllia Etheridgii, Dune. 
Latomeandra Davidsoni, Z. & Z. 
Si Sa Wr ightii, Dune. 


kK 
> 
*K 


* 


ees limitata, Lamzx. 
Thamnastrea Defranciana, Mich. 

ca i Sps 

cd Giadophyllin sp. 

* Montlivaltia trochoides, E. ¢ H. 

Delabechii, E. & H. 

Stylina? 

Spiropora straminea, Phill. 

Diastopora, ¢f. margo-punctata, 
Waagen. 

oolitica, Vine. 

Tubulipora, sp. 

Apseudesia clypeata, Haime. 

Proboscina, cf. prorepens, Waagen. 

S 

Toone sp 

Stomatopora, cf. Waltoni, Haime. 


* From Prof. Judd’s list. 


Taste B.—Fossils from the Inferior Oolite of Hook Norton. 


SNA BOW! 65.740/c2i0.020 cee <b saan A 
(Be G10 015 A ne fe 
Belemnites giganteus, Schlot. ...| A 

gingensis, Oppel ............ A 


Ammonites lzviusculus, Sow. ... 
Parkingsoni, Sow. .......00.-- 
PLES SPER eueecnntdanantaadc omsan ae 
Cerithium costigerum, Piette ... 
exscalptum ?, Lye. | ......... 
— near to. strangulatum, 

EG] / OSE RS ID Be he 
Chemnitzia vetusta, Phil. ...... 


——,8 


Turbo ornatus, Sow. pa eres Rae Be: A 


of. hamptonensis, M. & L.. 


E 


YP MONDEYTWIerVeey Te GeKe 
* 
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TasLE B (continued). 


AD TITIOONIS Wr cee esac oe ena ne ane siee 
Monodonta Labadyei, d@’ Arch... 
heliciforme, Mg L. ...... 
Geely Cert, WRG: nna dane 
or Nurbo,4-or 5 sp. ».-.<.<. 
ef. tormosa (MM. g 0.) ....-.- 
Wicurotomaria ~......0<-<a.se<asee- 
Trochus monilitectus, Phzl. ...... 
PATROCTLOVS ...-. <n. oths.ateinnes ade 
Welphinwla, SP. .ntccsceceeccae. 
PN... ans ne see tees OeA nee REE ERE 
Actzeon pullus, Koch........:.....- 
Dentalium Parkinsoni, Quenst. 

(entaloides; Uye.)s dco. vendocks 
Trigonia producta, Lyc. ......... 
ampullate, LY 6. s.ccccncsansons 
SOWIE sas ace sce camaeee ae 
BIRMAEAS AG. psnwcekr sen tehesy 
, var. rugulosa ......... 
| WET. VOL ALRCOD. io cannicen 
—— gemmata, Lye. ............+.- 
—— conjungens, Phill............. 
IBROMICI) LHC. 5 ee ck codon heciees 


— Moretoni, var. oxoniensis, 


a 


Gostata, Park. +... .6css. eae 
———— V-Costata, LG. .......cnssace 
chal ay 6 er ae ee 
PU SOI. Fic cece pean oii. 
— denticulata, Lyc. ............ 
BRYA, Me capa kc tsi mac autise 
duphicata, Lye. .....s.csec0-+ 
MOV. BPs Wye occ: soonest 
Limopsis ooliticus, d’ Arch. ...... 
Astarte minima, Phill. ............ 
——- rustica, Walton............... 
Detn@ntes, TYG. <0. tena ssenatue 
TOW NOD tiers eR oa Set es cee 
——-interlineata ...........a0c.00 


ODIS, Spits cae cen creer ee eee 


Pp: 
Area Pratiis, We oda. V2 cane ees: 
MTUITI Rien, MOON «2, Seep ce ceesee 
Cucullza concinna, M. & L....... 
ae SOW eae NG eee 


ee 


aaeele variabilis, Sow: ..82.-2+k:: 
Lucina despecta, Phir. oe 
of. crassa, Sow. ........0.0.00- 
Bumiatile ?, Bue. ...0.j.eseuee 
Cardiurm subtrigonum, MM: faa 
oe cordata, Buckm. ...... 


Ce ee ay 


ae ‘Buckmani, LES eee 
attenuata, Lye Asner ee 
Ceromya bajociana, d’Orbd. ...... 
Goniomya angulifera, Sow. ...... 
Gresslya abducta, Phil............. 
Myacites Goldfussi, Opel maces. 


A 


bid id bd: 


elololeke) Hee) (Sieilo lee) e\ooe 


Q 
5) 


MOAN LOVe Ololololelololole(@lelolelelole(selele(s) Slelel@olelen Koleilelo> 


Probably young &. Lylli 
&e. 


[depressa, 
Like a flattened form of A. 
eel e 
- isk 
. |Casts. 
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TasLE B (continued). 


Quenstedtia oblita, Pil. ......... 
Pholadomya Murchisonz, Sow. . 
faicular: Sow.) 1.5) tive wasted 
, large sp. 
Tancredia axiniformis, Phil....... 
donaciformis, Lyc. ......... 
Sowerbya elongata, Lyc. ......... 


Ss 


PRIGATCIA | 22..dscqccmesanenncars: 
cf. nuculiformis, Rém....... 
Lithodomus Porteri, Lyc.......... 
Ayicula clathrata, Lyc. ..........-. 
Miinsteri, Goldf. ..........+. 
inzequivalvis, Sow......:....+ 
braamburiensis, Sow. ...... 
Lima pectiniformis, Sow. ..... sha 
cardiiformis, M@. & L. ...... 
ovalis, Sow. 
bye) NAD le / Alt, al D7 ae ee ee 
duplicata, Sow. ............... 
punctata, Sow. .............6- 
Ostrea flabelloides, Lam. ......... 
rugosa, Goldf. 
CORTALA SGU sons dace cent 
crista-galli, Quenst. ......... 
Gj SOUSCURAL SOU! .. 2b... 5s 
cf. pyxiformis, Wright ...... 
Pecten articulatus, Schl. ......... 
TE SRDISO Maras. ah dotes aundee 
genuissus, PLU, o2322..0heced. 
clathratus;, O77. | i .6ci5..c0 
personatus, Miinst. ......... 
Hinnites velatus, Goldf. ......... 
Gervillia acuta, Sow. ............ 
LOREUIOSH eaten Lo 8) ke Ps 
Mytilus Sowerbyanus, d@’Orb. .. 
IBN: sis ee cso RTE, eae 
Terebratula submaxillata, Mor.... 
maxillata, Sow. ..:.......: aun 
perovaliss Sai: 2v.. neta 
— plicata, Buckm.............64. 
ofp teilineata, Y. g B. ....2: 
Waldheimia carinata, var. Man- 
delslohi, Oppel: ss...0féM iv. c0s 
anelieas Oppel. 0 ccies.tse eve 
Rhynchonella quadriplicata, Zzet. 
—— subtetraédra, Dav. ......... 
— concinna?, Sow. ............ 
—— angulata, Sow. .......: wants 
— spinosa, Schlot. ............04 
eynocephala, Mich. ......... 
DA SEO OEAN yet. v ot da duc dee vwasheuag 
Serpula socialis, Goldf............. 
puledtees Som sees eet 
convoltasGold fens. .s048 
plicatilis, Goldf. 
EGNEACFINMUS. 1c .ucdnoter ss. case ees 
Isastreea serialis, EL. §& H. ......... 
Clausastrza Conybeari, EL. f H.... 


a 
A 


A 
A 
A 
- 
A 
A 
A 


bd bi: og: 


: bob 


QQQaQ 


Sieger ie Mel te) Weole  (aevaelelolera: 


De 
ou 


(@\ Mi@iekee. 


a 
a Go 


Bo.8'C: Vee 7e 


D 


- jacutangula or bathonica. 
- |? C. nuciformis. 


. |Very large species. 
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TaBLE B (continued). 


Thamnastrea Defranciana, Mich. 

5 SPDR Sos SAAC eo ee 
Tsastreea limitata, Lame. ......... 
Richardsoni, /. f A. ...... 


oO (2 eee 


| Wrighti. 
sp. approaching I. 


——, sp. 

Montliyaltia, SPaaweces heceene meee: sch Bere 

Reris ele ier ET. oo  sengeaeees A |B 

Spines of Echinoderms, 2 or 
BMSHIS RES. c~ <se 2s akeee ae cnteecee ecobites. Wipe . 

Echinobrissus clunicularis, Lid. |... |... |... |... | ee [8 

Astropecten, SP.........ceeseeeeeeee Ea Dl tate |® See tlaees ehaceee tae 


iPenbacrinlis, BP. s.ccses.-ss2 tee oees Saal mec bil TSS Bal dace tf Paee ae 
Annulated Alewes sr... ...6 esnstoscuee Seb foment e Sa LD es 


Specimens marked x are from Mr. Windoes’ collection. 


Taste O.—Fossils from the Inferior Oolite of Otley Hill. 


Ammonites Murchisonz, Sow. Pecten articulatus, Schlot. 
, var. corrugatus, Sow. demissus, Phil, 


— leviusculus, Sow. lens, Sow. 

variabilis, d’ Orb, ! Ostrea flabelloides, Las. 
* Belemnites Aalensis, Ziezt. —— Sowerbyi, M. ¢& LZ, 
2 ellipticus, Mil. Rhynchonella subangulata, Dav. 

Nautilus, sp. nov., large. ——, sp. 

Pleurotomaria ornata, Ziet, cynocephala, Rich. 

Natica. * Terebratula globata, Sow. 

* Nerinza. submaxillata, Mor. 

Pholadomya fidicula, Sow. simplex, Buckm. (Mr. T. J. 

> ovulum, Ag. Slatter). 
Zieteni, Aq. ovoides, Sow. 
Heraulti, Ag. * Berenicea, sp., on Terebratula. 
, Sp. nov., large. Heteropora conifera, Blainv. 

Gresslya latirostris, Ag. Isastraa Richardsoni, Z. & H. 
peregrina, Phil. — serialis, LE. & H. 

Ceromya bajociana, d’ Orb. * Montlivaltia trochoides, H. & H. 

Cardium striatulum, Phill. , &. lens, E. & H. 

Cypricardia. Thamnastrea Terquemi, Z. g& H. 

Isocardia cordata, Buckm. * Thecosmilia gregaria, M‘Coy. 

* Cucullea oblonga, Sow. Clausastreea Conybeari, L. & H. 

* Lucina Wrightii, Oppel. Thamnastrea Defranciana, Mich. 
Trigonia costata, Sow. Serpula. 

ocd signata, Aq. Wood. 

—— pullus, Sow. Strophodus, 
producta, Lye. Astarte minima, Phill. 

Brodiei, Lye. Mytilus Sowerbyanus, @’ Orb. 
striata, Sow. Trochotoma, sp. 

Astarte, cf. depressa, Goldf. Trigonia angulata, Sow. 

Modiola Lonsdalei, M. & L. a ise 
Leckenbyi, MZ. & L. Gresslya abducta, Phill. 

Pinna cuneata, Phil. Astarte, sp. 

* , Sp. Myacites Goldfussi, Mor, 

Lima pectiniformis, Sow. Avicula, sp. . 
punctata, Sow. Serpula convoluta, Goldf. 
cardiiformis, WM. & L. Chemnitzia lineata, Sow. ; cast. 

* Gervillia Hartmanni, Goldf. Tancredia, cf. donaciformis, Lyc. 
* lata, Phil. Turbo hamptonensis, M. & L. 
Hinnites abjectus, Phil., sp. Monodonta. 


Those marked * are from Prof. Judd’s lists. 
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Notes and Corrections (14th April, 1883). 


Some little confusion has been caused by the variable conditions 
affecting the lower beds A and B of the Hook-Norton series. 
Whilst some new exposures show them to rest unconformably upon 
the Upper Lias, attaining at the south end of the cutting a thickness of 
5 feet 6 inches, and passing in places into a compact blue sandy 
limestone, at the north end, and in the adjacent Duckpool-Farm 
cutting, they are absent altogether. Both at Hook Norton and 
at Otley Hill Rhynchonella cynocephala is found at the top of A, 
together with Trigonia striata, T. Brodie, Terebratula trilineata, 
Pholadomya fidicula, Montlivaltia cf. lens, &e. It is probably the 
superior bed B which has yielded Ammonites Murchisone, its variety 
corrugata, and another form like Amm. variabilis. It would seem, 
therefore, as if we had in the lower part of the series an equivalent 
of the ‘“‘cynocephala” stage of Dr. Lycett, thus confirming my 
surmise as to the existence of lower Inferior-Oolite beds over the 
region, and perhaps, in part, representing also Professor Judd’s zone 
of Ammonites Murchisone. 

Reposing upon the series mentioned, and just now admirably 
shown at Otley Hill (vide Section, fig. 4, p.244), 1s a band of hard, com- 
pact crystalline limestone, curiously waterworn both above and below, 
and measuring but 1 foot 4 inches in thickness. The great erosion 
it has suffered prior to the deposition of the overlying marls is at 
once apparent; and it seems to be the dividing line between the 
lower and upper Inferior-Oolite divisions. The coral-bed at Hook 
_ Norton, which I had previously, in error, placed at the top of A, is 
its equivalent, and is not only filled with concretionary or derived 
fragments, but is bored and worn at the top. Large masses of 
Isastrea serialis occur in it, accompanied by Clausastrea Conybeari, 
Terebratula perovalis, &c., with Trigonia producta and T. angulata 
on its upper surface. 


Discussion. 


Mr. Hupieston bore testimony to the value of the work done 
by collectors in the neighbourhood of Banbury, both in the Lias 
and Inferior Oolite. The latter was especially difficult to interpret 
in North Oxfordshire, which was the border land between the South- 
western or Gloucestershire types and the North-eastern or Nor- 
thamptonshire types. He remarked on the confusion which had 
been produced by the use of the term ‘“‘ Northampton Sand” as ap- 
plied to beds in this district, since the real Northampton Sand re- 
presents the zones of Amm. opalinus and Amm. Murchisone, whilst 
at Chipping Norton its Oxfordshire namesake overlies the Clypeus- 
grit, which is in the zone of Amm. Parkinsoni. Apart from the 
question of names, the relations of the Clypeus-grit to the general 
mixture of sandy limestones was a puzzle to which Mr. Walford’s 
careful observations afforded a clue of great importance. 

Prof. Jurp stated that the intricacy in the geology of the district 
was the result of the rapid thinning-out in passing north-eastward 
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of different members of the Lower Oolites, and of the different 
conditions. which prevailed in closely adjoining areas. The great 
sandy series, which had unfortunately been correlated as a whole 
with the Northampton Sand of the Midlands, appeared to include 
representatives of both the Great and the Inferior Oolites. 

Mr. Erneriper thought it very difficult to correlate these beds of 
the Chipping-Norton area with those of the Cotteswold Hills. He 
remarked upon the remarkable attenuation of the Inferior Oolite 
when traced into the neighbourhood of Bridport. He considered 
the working-out of the minute geology of local areas would furnish 
a key to many difficult problems. 

Mr. Baverman stated that he had himself drawn the lines in the 
district represented in the author’s map, the work in the remainder 
of the sheet having been carried on by Mr. Polwhele. He had 
then assigned the beds to the Inferior Oolite. 

Mr. Watrorp stated that his map and the whole of his work had 
been based on the publications of the Geological Survey. Some 
artificial openings he had recently made confirmed his views on the 
succession of beds in the area. Even if some of the beds were equi- 
valent to the Fuller’s Earth, these are, as Professor Tate showed, 
referable to the Inferior rather than to the Great Oolite. 
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17. On the Drvosavrs from the Maasrricnt Buns. By H. G. 
Szrtry, Esq., F.R.S., F.G.S., &c., Professor of Geography in 
King’s College, London. (Read March 7, 1883.) | 


In 1871 the Geological Department of the British Museum acquired. 
the celebrated collection formed by Professor van Breda at Haarlem. 
It was especially rich in the remains of fossil reptiles from Maastricht ; 
and among the bones of Mosasaurus were arranged five other speci- 
mens, which Mr. William Davies, F.G.S., soon recognized as Dino- 
saurian. So far as is at present known, these are the most recent 
evidences of the Dinosaurian order in geological time ; and in view of 
this fact, I am happy in having the permission of Dr. Henry Woodward, 
F.R.S., the Keeper of the Department, to offer the Geological Society 
some account of the structure of the last known survivors of the 
group. I avail myself the more readily of this permission, since I. 
do not remember to have seen in any of the continental museums 
other specimens exhibited which would add materially to the British- 
Museum evidence or modify my conclusions. | | 

These five bones belong to two types. One femur is Megalosaurian ; 
and although it is quite possible that other parts of the skeleton 
may enable their discoverer to refer the animal to a new genus, I 
have not felt justified in differentiating the genus from Megalosawrus 
on the evidence of one bone, imperfect distally, and with the proxi- 
malend worn. The other specimens are Iguanodont. I have re- 
ferred them to an Iguanodont genus Orthomerus; and I have no) 
doubt that the remainder of the skeleton will eventually show them 
to belong to a new generic type. For more certain reference, I give 
the British-Museum numbers on the specimens. 


Mreatosaurus Brepat, Seeley. 


No. 42997. This right femur is of Megalosaurian type. 

The bone is very imperfect ; the distal end has been sawn away 
(fig. 1, 4), so that the bone shows no indication of the distal articula- 
tion, though some changes in the form of the shaft suggest that no 
large portion is lost (fig. 1,8). The proximal end is a good deal 
worn and broken away (fig. 1,8); but enough remains to demon- 
strate its more remarkable characters. 

The femur, as a whole, is remarkable for its slender form, its 
superior bow-shape curvature, the lateral compression of the proximal 
articulation (fig. 1, B, 2), and the extent to which it is directed inward, 
for the proximal trochanter, which is separated from the proximal 
end of the bone in front (fig. 1, 4, 7), and for the proximal position 
and small size of the lateral trochanter (fig. 1, B and c, Jt). 

The fragment, as preserved, is nearly 29 cm.(11#in.)long. The 
shaft of the bone is unusually compressed from side to side, so as to 
make the vertical thickness (fig. 1, B) as much as or more than the 
width (fig. 1, 4); and while the surfaces of the bone generally are 
rounded, the superior or anterior aspect is marked by a blunt ridge 
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Fig. 1.—Right femur of Megalosaurus Bredai. (7 nat. size.) 


pie 


iy 


A. Anterior aspect. B. Inner aspect. C. Posterior aspect. 
h, articular head ; 7, proximal trochanter restored ; / 2, lateral trochanter. 


which becomes more angular as it ascends towards the proximal tro- 
chanter; but the ridge does not diverge outward much from the 
median line. At 7cm. (22 in.) from the proximal end the bone is 
41 mm. (12 in.) thick and 39 mm.(14in.) wide. At 13 cm. (5{ in.) 
from the proximal end the thickness is 85 mm. (1? in.), and the width 
32 mm.(13zin.). At the distal end the bone becomes more flattened, 
and widens a little; the thickness is 28 mm. (13in.), and the width 
38 mm. (14 in.) ; the increase in distal width is chiefly a widening on 
the inner side, which becomes vertical. The external margin, 
though slightly concave, is nearly straight ; viewed from the out- 
side it has an aspect proximally of broad inflation, which becomes 
much reduced towards the distal end, chiefly owing to the increasing 
convexity of the inferior or posterior surface. But there is a slight 
elevation at about 8 cm. (3+in.) from the proximal end; and the 
external surface curves inward from this point as it extends proxi- 
mally, forming a sharp angle with the distal part of the external 
margin. The posterior surface in its distal half has a median 
longitudinal rounded ridge which fades away distally, and inclines a 
little towards the inner side of the bone. 
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The lateral trochanter (1 ¢, figs. B and c) is rather less than 5 cm. 
(2 in.) long, tapers proximally and distally, is compressed from above 
and below, and shows on the anterior side a small muscular scar, 
which deepens towards the distal border. The trochanter extends 
within about 74 cm. (3 in.) of the proximal end; it is directed a 
little inward and backward. At the upper limit of the trochanter 
the shaft is approximately triangular, being flattened below, while 
the inner and outer sides converge to the median anterior ridge. 

The head of the bone (A, fig. B) has the aspect of being bent inward, 
the external outline being strikingly convex, and the inner border con- 
cave, so that the transverse width of the head, as preserved, is not 
more than 63 cm. (22 in.). Externally and superiorly there was a 
trochanter, which formed an angular ridge; it was divided from the 
head of the bone by a vertical eroove, but must have been short, 
since the bone could not have extended. more than from 1 to 2 cm. 
proximally beyond the base of the groove which proves its existence. 
Internal to this trochanteric ridge the bone is compressed and con- 
cave. As preserved, the articular head of the bone is 2 cm. (+ in.) 
thick, and less than 3 cm. (11 in.) deep; but it is abraded, and there 
is no trace left of articular surface, or of the proximal cartilaginous 
tissue of the bone, which from within outward did not measure 
more than 6 cm. (2,4, in.), and now measures rather less; the pos- 
terior surface behind the articular head is somewhat inflated, so as 
to make the transverse section semicircular. Seen from the inner 
side the head of the bone is inclined towards the inner trochanter, so 
that it has a slightly oblique appearance as to its vertical direction 
(fig. B); but itis almost at right angles to the external surface of 
the shaft. 

The differences of this bone from the femur of Megalosawrus 
Bucklandi extend to almost every detail: first, the distal end of the 
bone is compressed from front to back, while in Buckland? it thickens ; 
the lateral internal trochanter is much more proximal in position ; 
the external trochanter is much much closer to the head of the bone 
in this specimen, and more proximal in position ; the curvature of the 
shaft is relatively greater, and its antero-posterior thickness is greater. 


OrtHomeRvs Dottot, Seeley. 


No. 42955. A large femur (fig. 2), which is slightly imperfect at 
its articular ends, measures 494 cm. (193 in.) in length. The shaft 
is remarkably straight and strong. The bone is subtriangular at the 
proximal end, is subquadrate but wider than thick in the lower part 
of the shaft, and has the lateral trochanter in the middle of the shaft, 
with the proximal and distal ends modified on the [guanodont plan. 

The distal end of the femur is fractured in front (fig. 2, B), where 
the condylar portion was probably a little expanded anteriorly, as 
in a second and smaller specimen (fig. 2, p). Across the condyles 
of the type the measurement is fully 10 cm. (4in.). The posterior 
inner condyle is considerably the larger; and the two are divided by a 
deep concave channel (fig. 2, 4). The external or anterior distal con- 
dyles were similarly divided by a concavity, so that the thickness of 
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Fig. 2.—Right-femur of Orthomerus Dolloi. (4 nat. size.) 
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A. Posterior aspect : /Z, lateral trochanter. 

B. Inner lateral aspect: p ¢, proximal trochanter. 

C. Outline of proximal end, reversed. 

D. Outline of distal end of another specimen (B. M. No. 42957). | 
a, anterior, p, posterior condyles. 


bonedividing the anterior and posterior surfaces on the distal face of 
the articulation is about 3 cm. (11 in.).. External to the outer of the 
posterior condyles is a slight ridge, which is rounded and situate 
behind the middle of the outer side of the bone, so as to make the 
shorter posterior area markedly concave and to form a slight con- 
cavity anteriorly. This modification, which is limited to the condylar 
region, has the effect of giving the outer posterior condyle a compressed 
aspect, and makes the bone compressed posteriorly. Distally there 
is a moderate concavity between the condyles from within outward ; 
but the articular surface is imperfectly preserved, though the outer 
condyle appears to have had the greater distal extension. The depth 
of the inner condyle is about 6 cm. (2;4in.). The width across the 
condylar region, as preserved, is 10 cm. (4in.). The antero-posterior 
measurement cannot be given. Above the condyles the distal end of 
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the shaft is concave from side to side posteriorly ; the concavity, 
diminishing in amount, extends proximally towards the region of 
the lateral trochanter. The width of the shaft just above the con- 
dyles is under 9 cm. (34in.) ; and the median thickness of the shaft 
is under 5 cm. (2in.). The two sides of the shaft converge a little 
towards the base of the lateral trochanter; and the sides converge 
upward towards the anterior surface so as to give the front of the 
bone a convex or subcylindrical aspect in its middle third. Dis- 
tally, towards the condyles the front of the bone is gently concave ; 
but the concavity narrows and deepens rapidly to descend between 
the anterior expansions of the condyles, which are broken away. 
The lateral trochanter and muscular ridge (fig. 2, 4, B, 7 ¢) ex- 
tends to within 19 cm. (72in.) of the distal end, 1s nearly 14 em. 
(54 in.) long, and extends to within about 15 em. (6in.) of the 
proximal end. Itisa compressed curved process which is directed 
mainly backward and a little inward, and is much more developed in 
its distal half than in the proximal part. It owes its existence to 
two powerful muscular attachments, which are on the inner side of 
the bone; they partly overlap each other, so that the proximal scar 
descends partly in front of the distal impression. The proximal scar 
is about 8 cm. (3+ in.) long, and 3 cm. (14 in.) wide; less than half 
of its width is attached to the trochanteric process. The distal scar 
is quite as long and as wide, but is pointed proximally, rounded dis- 
tally, is much deeper, and is chiefly attached to the trochanter (fig. 2, 
Beet). ? Lee pear edge of the trochanter, which is inclined ob- 
liquely backward (fig. 2, ce is nearly parallel to the anterior borders 
of the muscular scars. The width of the shaft just below the tro- 
chanter is 6 cm. (2;41n.); its thickness in the same position is 
5 em. (2 in.). 
Proximally, above the trochanter the form of the shaft alters, 
becoming compressed and well rounded on the inner surface, and 
greatly widened on the external border, so that the transverse 
section is subtriangular (fig. 2, c); the anterior surface is broadly 
concave, with the concavity increasing as the proximal trochanteric 
ridge is developed externally ; the posterior surface is flattened, with 
a moderate median longitudinal concavity ; and the external surface 
is flattened along its whole extent, but is a little convex from above 
dowuward, and has a broad shallow concavity behind the lateral tro- 
chanter. : 
No. 42957. A second specimen is smaller, and worth describing 
because it shows the form of the distal end (fig. 2, D). 
' This fragment consists of the shaft and distal end of a Dinogaurian 
femur of moderate size. The fragment measures 30 cm. (114 in.) in 
length, and extends for about 3 cm. (i+ in.) beyond the internal 
lateral trochanter. The shaft is more quadrate in section than in 
the larger specimen, is more concave on the inner margin, has a slight 
convexity in length on the external border, and exhibits various 
minor details of str ucture. : 
The width of the shaft just below the lateral trochanter at 13 cm. 
(53 in.) from the distal end is 35 cm. (121n.); the thickness in the 
same position 1s Just over 4 cm. (14 4 in.). 
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The extreme length of the lateral trochanter is 10} em. (43 1in.); it 
is directed backward only. It is narrow, being compressed from side 
to side, and is most elevated in the middle, while in the larger 
specimen the greatest elevation is below the middle. One muscular 
attachment extends along the whole of its inner border, tapering 
above and below; while proximally there is a vertically ovate im- 
pression, nearly 5 cm. (2 in.) long, which runs side by side with the 
proximal part of this impression. 

The sides of the shaft are remarkably parallel, flattened behind 
and on the external surface, rounded in front and on the internal 
surface, though the convexity decreases distally. 

On the external surface is a longitudinal median muscular scar 
about 5 cm. (2 in.) long; it is rugose in the middle; and extends to 
within about 114 cm. (43 in.) of the distal end. 

The outline of the distal end is like the letter H, owing to the way 
in which the anterior and posterior channels between the condyles 
cut into the bone (fig. 2, p). The inner condyle, as usual, is much 
the larger posteriorly (fig. 2, D, p), measuring 9 cm. (34in.) from 
front to back, while the outer condyle is only 8 cm. (3+ in.) from 
front to back, and it is much more compressed from side to side, 
especially proximally. 

The transverse measurement over the condyles is 74 cm. (3in.). 
Anteriorly the condyles are deeply channelled by a nearly circular 
canal (fig. 2, p, a) which descends obliquely downwards and back- 
ward and expands on the distal surface, so as to be broader than 
the posterior channel. 

The extreme width of the proximal expansion of the bone on the 
external surface, as preserved at the base of the trochanter, is under 
9 cm.(34in.). The trochanteric process is subtriangular ; it is broken 
away, but its base is defined by a narrow groove extending backward. 

The proximal articular end is entirely broken away, though slight 
traces of its deep median concavity remain on the posterior border. 

On the external lateral aspect is a large rough surface, which is 
an ill-defined very shallow muscular attachment. It is about 9 em. 
(34in.) long, nearly as broad as the lateral surface, is more distal in posi- 
tion than the lateral trochanter on the opposite inner side of the bone, 
and extends to within about 17 cm. (6,4, in.) of the distal articular 
surface. 

Tn the main characters this form of femur closely resembles Zqgua- 
nodon; in nearly all points in which it differs, it approximates to 
Hadrosaurus. 

No. 42954. Left Tibia (fig. 3). This is along slender bone, which 
exhibits the distinctive characteristics of the tibia, although the arti- 
cular surfaces are gone from both ends, and the cnemial crest is entirely 
sawn away (fig. 3, A), so as to give the specimen somewhat the aspect 
ofa slender humerus. The bone, as preserved, is 27 cm. (102 in.) long. 
The proximal end is at right angles to the distal end (fig. 3c). On 
the whole the specimen shows the nearest resemblance to Iguanodon, 
but is much more slender, and shows some difference in form. 

The distal end (fig. 3, D), as preserved, is under 9 cm. (34 in.) wide ; 
Q.J.G.8. No. 154. T 
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Fig. 3.—Left nibia ai Orthomerus Dolloi. (4 nat. size.) 
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A. Outer lateral aspect : ¢, cnemial crest. 
B. Outline of proximal end, reversed. 
C. Posterior aspect. D. Outline of distal end. 


the shaft widens distally in a wedge shape (fig. 3, c), is flattened in 
front much more than in Jguanodon, with a moderate median concavity 
for the ascending process of the astragalus, which was more than 2 cm. 
(4in.) wide. On the outer border the bone appears to have formed a 
slight ridge in the distal 5 cm. (2 in.), though the ridge is abraded 
and. lost. 

The external fibular area, which in Dinosaurs is usually well de- 
fined by a sharp angle, is here ill defined, about 2 cm. (4 in.) wide, and 
almost in the same plane with the remainder of the distal end 
of the bone. ‘The fibular margin is sharp, sharper than in Iguanodon, 
though, from the abrasion of the posterior surface, it appears to be 
sharper than it really is. The fibular side appears to extend out- 
ward more rapidly than the inner side, as usual; but the inner side 
does not widen rapidly, as in Iguanodon. At 8 em (31 in.) from 
the distal end the width of the bone is 6 em. (2;4 in.); at 10 cm. 
(4 in.) the width is 5 em. (2 in.), at 12 em. (4,4) a. is 4 cm. (12 im.). 
At 15 cm. (6in.) from the distal end the bone is 3 cm. (11 in.) 
from back to front and 3 cm. wide. 

The posterior aspect of the bone is marked by a rounded median 
ridge (fig. 3, c), which becomes narrower and less elevated distally ; 
two thirds of the bone lie on its fibular side, which is flattened and 


OF THE MAASTRICHT BEDS. 2538 


compressed, and one third on the inner side, which is necessarily 
more oblique and rounded. 

Since the head of the bone is nearly at right angles to the distal 
end, it necessarily happens that there is no appreciable increase in 
width as the bone extends proximally. Buton the external surface 
the bone curves a little outward and forms a compressed area, convex 
from front to back, which terminates proximally in two small convex 
condylar surfaces (fig. 3,8). The internal aspect of the proximal 
surface is decayed, so that no account of it can be given. 

The cnemial crest (fig. 3,4, c) was evidently’ developed on the 
Iguanodont plan ; but its proximal portion has been sawn away. 

The anterior outline of the bone, as preserved, is concave ; the 
posterior outline is sigmoid (fig. 3, 4). The posterior surface shows 
at 12 em. (4,4 in.) from the proximal end a large vascular perfora- 
tion in the bone, which, as it rises proximally, becomes a groove 
i tlie. A), 

As compared with Jguanodon this specimen differs chiefly in being 
more slender and in some details of conformation of the distal end. 
But although the differences are suggestive of generic distinction, 
the condition of preservation does not admit of the enunciation of 
generic characters. On the other hand the form closely approxi- 
mates to Hadrosaurus, and is certainly intermediate between Jqua- 
nodon and that type*; and this combined with the characters of the 
femur indicate a divergence from Jguanodon in the same direction as 
in that bone, which justifies the association of the tibia, femur, and 
metatarsal bone. The metatarsal bone is too imperfect for descrip- 
tion, but it differs in form from any similar bone that has been 
figured. 


Discussion. 


The PresipENT remarked upon the interest attaching to these 
latest known of the Dinosaurs. 

Dr. Woopwarp referred to an Iguanodont vertebra in the British 
Museum which was dredged from the Dogger Bank. Possibly this 
was derived from the Maastricht beds, and Prof. Seeley might be 
able to associate it with the bones described in the paper. 

The Avrnor stated that many Iguanodont remains were found in 
the Crag and the Drift; but it would be unsafe to infer any possible 
relations to one another. 


* Tt may be also compared with the tibia referred to Megalosaurus by Prof. 
Owen (Rept. Weald, part iii., 1856), but will be seen to be of distinct type. 


Q,J3.G.8. No. 155. U 
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18, ApprrronaL Note on BovLprrs of HornBLENDE PicritTE near the 
Western Coast of AneLtEsEY. By T. G. Bonney, M.A., F.R.S., 
Sec. G.S., Professor of Geology in University College, London, 
and Fellow of St. John’s College, Cambridge. (Read April 25, 
1883.) 


In a short communication printed in this Journal (vol. xxxvii. 
p. 137) I described a large boulder of hornblende picrite which I 
found near Pen-y-Carnisiog in the autumn of 1880. Last summer 
I had an opportunity of spending an afternoon upon the western 
coast of Anglesey, and made use of it to examine the interesting 
section to the south of Porth Nobla. I did not, however, neglect to 
look out for boulders, as I thought it not impossible that I might 
meet with some more picrite. In this I succeeded beyond my 
expectations, and now lay the results before the Society, together 
with some remarks on the microscopic structure of the specimens 
collected. 

After quitting the railway at Ty Croes Station, I walked a short 
distance along the road to the south-west, and then turned up a 
field-way leading past a small farm called Bryn Gwyn. A short 
quarter of a mile from it a boulder (No. I.), perhaps roughly trimmed, 
has been utilized as the capstone of a gate-post. It measures 23 x 2 
x 1} feet*. A small fragment projected, which I was able to detach 
for examination without j injury to the stone. 

The next (No. IT.) was a well-rounded boulder lying on the sandy 
shore at Porth Nobla. This had a rather greener matrix than those — 
which I had previously seen: and the porphyritic hornblende or 
augite crystals were not quite so large. It measured about 2 feet 
each way, and rose about 1 foot above the sand. Near the shore, 
in the little cove Pen-y-Cnwe, is a boulder measuring about 
43x 3x 2 feet (No. III.), and within a short distance a smaller one 
about 2 feet in longest diameter. At the cromlech Barclodiad-y- 
gawras, further south, two of the supporting stones on the western 
side are, I have no doubt, picrite of the ordinary type; but of course 
I did not touch these with my hammer. Three others are dark 
augitic (or hornblendic) gabbro-like rock, common in boulders in this 
part of Anglesey. 

On my return from Langwyfen to Ty Croes, by Frondwl, I noticed 
a small picrite boulder built into a wall by the road-side; and then 
(a little over a mile from the station, and perhaps 300 yards from 
a chapel) I found no less than seven fragments of picrite, five of 
them being built into a rough wall, and one lying on either side 
of it (No. IV.) They ranged from about 2 to 4 feet in longest dia- 
meter ; but the time at my disposal did not allow me to go into details. 
I should suppose they were fragments of one boulder ; if so, it must 
have been even larger than that which I saw at Pen-y-Carnisiog. 


* Measurements throughout are only approximate. 
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I have examined microscopically specimens from four of the above 
localities. Numbers III. and IV. are, macroscopically, almost undis- 
tinguishable from the Pen-y-Carnisiog specimens ; nor is there any 
material difference under the microscope. The larger hornblende cry- 
stals in III. are commonly a light brown, but occasionally a pale green. 
The smaller crystals are more commonly green. Small portions of 
some of the larger crystals, sometimes external, sometimes internal, 
are almost colourless, and have a rather more milky aspect than the 
rest of the crystal. With crossed nicols they exhibit a different 
tint, but extinguish either at or as nearly as possible at the same 
angle. Still,:even then, on introducing a quartz plate, a marked 
difference of tint 1s perceptible. Whether this change denotes an 
hydration of the hornblende or a paragenesis of two slightly dif- 
ferent varieties, I cannot say. Cracks in the crystals are often filled, 
and the edges bordered, with a minutely granular mineral, giving 
light specks of colour with crossing nicols. In parts of the slide 
are many small grains and clusters of a mineral now consisting of 
aggregates of this secondary mineral and of earthy-looking dust. 
These may possibly have been a rather aluminous augite; this 
mineral, however, as in the case of the Pen-y-Carnisiog rock, cannot 
be certainly identified in the slide. There are numerous grains of 
a dark brown mineral, in some cases feebly translucent, in others 
including granules of a clear light-brown mineral ; a few appear to 
be sections of octahedra. They present a resemblance to chromite ; 
but, as no chromium has been detected on analysis, this mineral can 
hardly be present ; possibly they are spinel. For the various pseudo- 
morphic products occupying the rounded grains in the larger crystals, 
and the general ground-mass of the slide, I may refer to my former 
paper. I do not identify mica. It is just possible that the slide 
may have contained a crystal or two of felspar. 

No. LY. differs so little from the last that a separate description 
is needless; there can, I think, be no doubt that some of the serpen- 
tinous aggregates replace olivine. One exhibits an approach to 
aggregate polarization. There is a little apatite, and a few scales 
of brown mica. 

No. II. presents, macroscopically, some slight varietal differences : 
the ground-mass is greener; and the imbedded hornblende crystals 
are not quite so abundant or large as in the other cases, being 
commonly from 0:2 to 0:3 inch in diameter. But the microscopic 
structure has a close general resemblance to that above described, 
though it contains a few grains of a serpentinous mineral which I 
have not observed in the others. This has arather irregular outline, 
is nearly colourless, is of a somewhat silky structure, with rather in- 
frequent cleavage-planes parallel with the fibres of this structure ; 
it extinguishes when they coincide with the vibration-plane of either 
of the crossed nicols. Numerous minute belonites, slightly browner 
in colour, occur in the grains, lying often so as to cross one another 
at angles of about 120°, and to be very nearly bisected by the cleavage- 
planes. Ihave already noticed this microlithic structure, sometimes 
with minute rods of opacite, in one of the minerals of various serpen- 
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tinous rocks, and think that probably we have here an altered ensta- 
tite*. The slide, however, does not exhibit in any part the peculiar 
brassy lustre of bastite. 

No. I., though in many respects agreeing with the first described, 
has one or two varietal differences. There is undoubtedly a little 
plagioclastic felspar, rather decomposed, with a considerable amount 
of an almost colourless mineral, containing fine earthy granules, 
acting rather feebly on polarized light, and without a very charac- 
teristic cleavage, which I am disposed to regard as akin to augite, 
Some of the brown hornblende crystals seem to pass through a 
narrow green border into a closely cleaved colourless mineral lke a 
diallage, with a larger extinction-angle than that of hornblende. 
Indeed, more than one specimen in the above-described rocks, though 
strongly dichroic, more resembles diallage in aspect, and has an 
extinction-angle too large for hornblende. The Schriesheim rock, 
said to contain diallage, gives a similar discrepancy. I am disposed 
to explain the apparently contradictory results afforded by these 
rocks by supposing that the mineral originally predominating in the 
picrite was a pyroxene, and that we find it now in various stages 
of conversion into hornblende. 

I am indebted to the kindness of my friend Mr. J. A. Phillips, 
F.R.S., for a duplicate analysis of the rock collected on the road to 
Ty Croes station (No. IV.), which I subjoin :— 


I, II. 

hygrometric ... Je. 0°60 0°53 

Watety (aplitined |) Bane 2-84 2-90 
alias 1 Si eRe Oe es one i les 42°94. 42:79 
PAINS Chet ee ap ete Conte een c 10°87 10:98 
Carbonic anhydride .......... 2°65 2°76 
Phosphoric anhydride ........ trace trace 
WEG ORIG: Waste. tee tt ome 347 3°40 
MerrousiOxetde. Go ine ees ee a te 10°14 10°13 
Titanic oxide.) .o.). coe oe trace trace 
Manganous oxide 2)... 53.%: trace trace 
MepHIE -ehre aoe wees c Pee ea ee ee 9:07 9a 
Mine S ta ae eye eee ee 16°32 16°22 
PGtASaE ee ee ee, eos nee Oa 0-10 
ro 10 Sa ge ME TW ee Hates 0:93 
99°95 99-89 

SPCC CT AVIEN < a+ aii wile en see 2°88 2°88 


Nickel and chromium were sought for but not found. 

For comparison, I append a series of analyses,of picrite. The 
first five are given by Tschermak (Sitzungsb. Akad. der Wis- 
sensch. Wien, vol. liii. pt. 1, p. 260). The next two are ‘ paleopicrite’ 


* A similar structure, but with the rods more nearly at right angles, is 
figured as occurring in magma-basalts by Boricky, ‘ Basaltgesteine Bohmens,’ 
pl. i. Be rte | 
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SiO,. 
Sohle, near Neutitschein ...............] 388°9 
Freiberg and Gumbelberg ............| 40°79 
Nichia imeces: percdtcs satecaaceeterswedlh “OO kat 


Sohle (looking rather decomposed) ..| 42°85 


IDVSUL VO netics Overivagsea¥ss cdvereantouel TOOWL 
Schwarzenstein, N.H. of Hof .........| 37°12 
Holler, near Lichtenberg...............| 41°48 
Ottenschlag, S. Austria ...............] 45°93 
Schriesheim an der Bergstrasse ......| 41:44 


Fe,0,. | FeO. 
4-9 7-0 
3:52 | 6:39 
6:30 | 6-14 
627 | 6:86 
275 | 7-62 
8:92 | 762 
626 | 8-46 
1:87 | 11-45 

13:87 | 6:30 


CaO. 


6:0 
8:48 
10°37 
11°84 
13°61 
6:14 
6°55 
8°92 
7:20 


MgO. 


23'6 
23°34 
18°59 
9:01 
7°28 
26°92 
25°27 
14°82 
18°42 


K,O. |Na,0.| H,0. 


0:8 

0°71 
1:57 
161 
181 
0-49 
0:09 


0°22 


0:93 


1:3 

171 
1:50 
1:65 
0°59 
0:40 
0:29 
1:93 
0:24 


* Including TiO0,=0'4, MnO=0'4, PO,=0'10, and trace of chromium oxide. 
t Including Ti0,=0'18, MnO =0'37, PO, =0:17, and trace of chromium oxide, 


CO,,. 


eereee 


Total. 


99°1 
99°39 
100:27 
99:09 
98°70 
98:60 * 
97°47 t 
100°81 
100°63 | 
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from Gumbel, ‘Geognostiche Beschreibung des Fichtelgebirges,’ 
p. 152; then ‘palexopicrite’ analyzed by Alois Gamroth, ‘ Jahrbuch 
k.-k. Reichsanst.’ 1877, Min. Mitth. p. 278; the last, the Schriesheim 
rock, analyzed by Fuchs, ‘ N. Jahrbuch,’ 1864, p. 326. 

By a comparison of these analyses with those made by Mr. J. A. 
Phillips, we see that the latter have shghtly more silica, considerably 
more alumina, and less magnesia than the two rocks described by 
Prof. Giimbel, the composition of which more nearly corresponds 
(except that there is less water) with that of a normal serpentine, 
from which they differ chiefly in a lower percentage of magnesia and 
a higher one of lime. Even these, however, differ in the ratio of the 
silica to the magnesia, which in the Schwarzenstein rock is about 
13:10, in the Holler 16:10, while in such a rock as the serpentine 
of the Lizard, Cornwall, it is roughly 11:10. In the first rock from 
Sohle it is about 15:10. In the Welsh rock it is rather more than 
26:10; but then this ratio is exceeded by two of Prof. Tschermak’s 
specimens, while in the Schriesheim rock it is 22°5: 10. 

This last has also been called a ‘“ Schillerfels” and an olivine- 
diallage rock; but the conspicuous mineral is not bastite, and my 
specimen contains little, if any, normal diallage. 

For comparison I append one or two analyses of serpentines and of 
olivine rock. 


I II 1M) LV 

SOs carieeatre cues ebanwencee ones 38°86 38°58 38°90 43°84 
INS O sim srs lehs ent uascianeenss tee 2°95 3°06 1-02 1:14 
HOMO aon och cntaae ns namntws 1:86 1:95 4:66- | (ae 
TREY C ARM acetal crea: (Abit. aN 5:04 5:10 Sol 8°76 
iO) ee a eke trace trace dal Seca 0:12 
iN ir 6 JM AEE aL ofa no es aS Sg 0:28 0:30 0:59 0°51 
WO Oe Scag Sroheen wares eeepene: 0:08 OLO8: Ae es 0-42 
EE 0 Meee Cann dae Mw A AC CAR trace trace 1:97 ea 
INGO een cate ue memes 34-61 34°32 36°40 44°33 
TGC Beers aes 0°33 0:30 1-37 
Na Oi ceed scp tede delec star. coe O77 O76 of oes 2 
ELS) ain eee cee ee cnet 15°52 15:52 13-35 1:06 
GS RR ete Ne Oe ain en oe ele tae Vee MeN a 0-41 

100:30 99°97 100-58 101°89 


I. & II. Duplicate analyses of a Lizard serpentine by Mr. J. A. Phillips (Phil. 
Mag. Feb. 1871). 

III. Analysis of a serpentine from near Cadgwith by Mr. Hudleston (Q. J. G. 8. 
vol. xxxiii. p. 925). 

IV. Olivine om rene Paul’s Island (Renard, ‘Challenger Voyage,’ Narrative, 
volva pet). 


In short, an examination of the former analyses shows that the 
chemical composition of the rock picrite is rather variable, and that, 
while it lies closer to the normal peridotites than to any other, it is, to 
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some extent, intermediate between them and the olivine-diabases*, 
that it is, in fact, (or has been) an augite- (or hornblende-) olivine 
rock, rather than an olivine-augite (with or without enstatitet), and 
that felspar is a common accessory mineral. Consideration, however, 
of these analyses, and of the structure of the Anglesey rock, both 
macroscopic and microscopic, fully justifies us in retaining it among 
the picrites or paleopicrites, if the latter term be preferred. 

It is evident from the above observations that this rock is hkely 
to be commonly met with in Anglesey ; and I have described it with 
minuteness in the hope that geologists will be on the watch for its 
occurrence. J have not yet been able to hear of its being found 
in situ in the Welsh area; but at the end of last year my friend Mr. 
Teall called my attention to a rock which he had collected at Little 
Knot, on the east side of Bassenthwaite Lake, which bore, macro- 
scopically, a considerable resemblance to my specimens. 

This rock is described as a diorite by the late Mr. Clifton Ward, in 
the Memoirs of the Geological Survey (Lake District), and a figure of 
its microscopic structure is given. He remarks on the abundance of 
hornblende, and the “very little felspar,” but does not seem to have 
suspected that olivine had been present, although, from the figure, 
I have little doubt that such was the case. A slide cut from Mr. 
Teall’s specimen exhibits well-marked crystals of hornblende, both 
green and brown, with rounded serpentinous interruptions, and the 
same pale edging as is seen in some of the Welsh specimens; there 
is much fibrous actinolite in the body of the slide, and various 
patches with the peculiar belonites crossing one another, as in some 
bastite. In many of them are minute rounded specks of granulated 
aspect, dustier at the edges, and giving with crossed nicols a pale 
whitish colour. There is a little apatite, a decomposed iron oxide, 
probably ilmenite, and one or two crystals of felspar, so much 
decomposed as hardly to be recognizable. The specific gravity of 
this rock is 2°93. A partial analysis (duplicate), kindly made for 
Mr. Teall by Mr. EK. K. Stock, gives $10,=46°37 and 46-42, 
MgO=15°73 and 15:30%. These percentages are not in very 
exact agreement with -those in the Welsh specimen (Si0,=42:94 
or 42°79, and MgO=16°32 or 16°22); but the rock is evi- 
dently a variable one, and in mineral composition, macroscopi- 
cally and microscopically, there is a very near resemblance. It 


* These have, as a rule. a higher percentage of SiO, and still more of Al,O,. 
The analyses of troktolite, especially of that from Volpersdorf (see Houghton, 
Geol. Mag. dec. ii. vol. vi. p. 504), have a closer correspondence with that of 
this Welsh picrite; but troktolite is at once distinguished by its povertyin a 
pyroxenic or hornblendic mineral. In it also felspar is conspicuous, while in 
the picrite it is rare. 

+ In some of these, 7. e. the peridotites (and the serpentines resulting from 
their alteration), the percentage of magnesia somewhat exceeds that of silica ; 
this would be the case where olivine was far the most abundant mineral. An 
inerease in the amount of the enstatite would correspond with a rise in the SiO, : 
an increase in the augite would be indicated by a marked percentage of CaO. 

t 1 have since received, through Mr. Teall, other specimens from Mr. A. 
Bloomfield, of Keswick. He states that there are seven or eight outcrops of the 
rock, one of which is quarried. The rock is evidently very variable in character. 
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is therefore possible that these Anglesey boulders have not been 
derived from that island or North Wales, as I had anticipated, but 
from the Bassenthwaite district. In admitting the possibility of this, 
I should not feel bound to regard them as proofs of the former 
extension of Cumberland glaciers to the Welsh area, but should con- 
sider them, like the Criffel and other northern boulders in North 
Wales and the Midlands, to have been transported by floating ice 
during the last great submergence. 


Discussion. 


Mr. Hupzreston thanked the author for his definition of the 
exact nature of picrite, and remarked on the high alumina per- 
centage of the analysis as being inconsistent with the composition 
of picrite. He thought the original home of these boulders was 
not the Lake District, but Anglesey, as suggested by the author in 
his first paper. 

Mr. Txatt said that the Inchcolm picrite contains a very variable 
quantity of felspar. He thought the presence of felspar in greater 
proportion could therefore scarcely be regarded as sufficient to differ- 
entiate the Lake-District rock from that of Anglesey. He cited 
a case of the occurrence of a boulder of faulted slate, evidently from 
the Lake District, in North Wales. 

Mr. Dz Rance cited examples of this rock from several localities 
in Flint, Denbigh, and Caernarvonshire, in boulder-clays, and asso- 
ciated with characteristic Lake-District rocks. The faulted-slate 
rocks of the Lake District were perfectly distinct in colour and 
other characters from those of North Wales. 

The Avurnor, in reply to Mr. Hudleston, stated that picrite 
was a very variable rock. He had difficulty in accounting for the 
high percentage of alumina; forasa rule he had failed to detect felspar. 
The Little-Knot rock is quite an exceptional one, as stated by Mr. 
Clifton Ward. He knew of no example of rocks of the kind in 
Anglesey. 
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Some explanation is required of the grounds on which another 
contribution is added to the already voluminous literature connected 
with the rocks of St. David’s. The circumstances under which I 
have reluctantly found myself compelled to make this contribution 
are briefly these. 

A new edition of the Rock Catalogue of the Museum of Practical 
Geology, Jermyn Street, being required, it became necessary to 
ascertain how far the stratigraphical order followed in previous 
editions required to be modified by the results of more recent 
research. In particular, the question of the existence of Pre-Cam- 
brian rocks in Wales, which has emerged since the last issue of the 
Catalogue, appeared to demand full recognition in any republication 
of the work. I felt it to be due to those authors who have written 
so largely on this subject that ample acknowledgment of the results 
of their labours should be given. On the other hand, I was equally . 
desirous that in admitting corrections of the views expressed upon 
the maps and sections of the Geological Survey I should do so from 
an actual inspection of the ground, which would enable me to judge 
how far and in what manner the required alterations should be 
made. 

It was obvious that in maps of districts surveyed forty years ago 
some important structures might have escaped notice, positive errors 
might have been committed, and petrographical details could not be 
expected to have been treated in a more satisfactory manner than 
in other English geological works of the same date. 

The existence of Pre-Cambrian rocks in South Wales had been 


Q.J.G.8. No. 155 . 
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proclaimed so loudly and persistently that, m spite of the protests of 
my predecessor, Sir Andrew C. Ramsay, who will not admit the 
presence of such rocks in any part of the Principality, I had 
gradually been led to believe that they really must exist, though 
probably not to the extent that had been claimed for them. In 
visiting Wales, therefore, I went with no prejudice in favour of the 
views expressed by the Geological Survey. On the contrary, I had 
a conviction that these views must be, in some measure, at least, 
erroneous, and that this admission ought to be frankly made. 

I chose the St. David’s district as being that about which most had 
been written, and which had, in a measure, been taken as a typical 
area for the ‘“‘ Pre-Cambrian” rocks of Wales. It is desirable at the 
outset that it should be clearly understood that the conclusions to 
which I have come refer solely to that district, and that, in the 
meantime, I offer no opinion regarding other so-called Pre-Cambrian 
areas in the Principality. 

That my examination of the ground might be made in greater 
detail, I requested my colleague Mr. B. N. Peach, of the Geological 
Survey of Scotland, to accompany me. His long experience among 
crystalline rocks of many kinds has given him great practical - 
insight into the structure of these formations in the field. Like 
myself, he went prepossessed in favour of ‘‘ Pre-Cambrian ” ideas. 

We visited all the sections together, and came to complete 
agreement in our interpretation of them. The following pages give 
an account of our joint research in the field, and of my own subse- 
quent petrographical investigation of the rocks collected by us*. 


The earliest published account of the rocks of St. David’s appears. 
to have been that given by Dr. Kidd, in vol. ii. of the First Series of 
the Society’s ‘Transactions.’ ‘This author speaks of the rocks as being 
in some instances “ stratified,” in others ‘* unstratified ;” the hills, or 
rocky summits, consisting of materials that “bear no marks of 
regular stratification,” but “‘ appear as so many nuclei, about which 
is arranged a very curiously diversified series of highly-inclined 
strata of a kind of slate”. 

The next notice is that of Sir Henry De la Beche, in a paper read 
to this Society in 1823. He separates the “trap” and “ grey- 
wacke ‘rocks of St. David’s, and is inclined to regard the trap 
as ‘‘having been forcibly intruded amongst the other rocks at a 
period subsequent to their consolidation”t. ‘The areas respectively 


* Since this was written I have made a second visit to St. David’s, accom- 
panied by my colleague Mr. W. Topley, of the Geological Survey of England 
and Wales, with the object of collecting additional material for the second part 
of the present paper. I have thus been able fully to confirm the conclusions 
arrived at on the first occasion, and to obtain some additional evidence in the 
same direction. But nearly the whole of the data bearing upon the question of 
the existence of Pre-Cambrian rocks were collected in company with Mr. 
Peach; and the first part of the paper had been prepared before my second 
excursion. 

+t Trans. Geol. Soc. ser. 1, vol. ii. p. 79 (1814). 

} Trans. Geol. Soe. ser. 2, vol. ii. p. 2 (note). 
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occupied by the two kinds of rock are depicted on the geological 
map of South Pembrokeshire accompanying this memoir. 

In the ‘ Silurian System ’ (1839) Sir Roderick Murchison inserted 
a brief description of the trap-rocks of Pembrokeshire, in which he 
spoke of them as consisting of two classes, “ viz., stratified masses 
alternating with sedimentary deposits, and amorphous masses which 
have burst through the strata.” Among the older trap-rocks he 
distinguished “ thick-bedded coarse felspathic conglomerates, contain- 
ing fragments of schist and slate, which range from north-east to 
south-west in allinement with the other ridges of amorphous trap.” 
These words would seem to imply that he had recognized the 
presence of true tuffs or fragmental igneous rocks in that region. 
He also noticed proofs of the intrusive character of some of the 
amorphous masses ; for in the district of Roche Castle, Trefgarn, and 
Ambleston he found that ‘‘ the intrusion of this [igneous] rock has 
produced a powerful effect upon the adjacent strata, particularly on 
those masses inclosed between the forks of trap in the gorge of the 
river at Trafgarn, where the red and green sandstones are converted 
into a brittle, siliceous substance resembling the ribbon jasper of 
mineralogists ” (pp. 401, 402)*. 

In the first volume of the ‘ Memoirs of the Geological Survey of 
Great Britain,’ De la Beche makes further reference to the geology 
of Pembrokeshire, and in particular to some of the rocks which have 
been the subject of more recent discussion. He refers to the rock 
of Roche and adjoining districts as illustrating the remarkable 
varieties of texture assumed by the same mass of igneous rock; and 
he cites the granite between St. Lawrence and Brawdy, a few 
miles to the east of St. David’s, as presenting along its margin a 
fine-grained variety, like a Cornish elvan, owing to more rapid 
cooling, and as “certainly seeming to have altered the stratified 
rocks in contact with it in many places’. 

The Geological Survey of the St. David’s district was begun as 
far back as the year 1842, by Sir A. C. Ramsay, soon after he 
joined the service. The Map was published in 1845, and was fol- 
lowed by a sheet of Horizontal Sections across the district t. In 
these publications all the igneous rocks are included in one colour 
(green). But in the Horizontal Section the belt of country so 
coloured, extending (on the map) from the sea at Porth-lisky to 
beyond Lianhowell, is stated to be composed of “ trap, in its strike of 
various structure,—syenitic greenstone and felspathic volcanic ash”$. 


* The intrusive nature of the Trefgarn rocks was shown by Murchison in 
1836 (Proc. Geol. Soc. vol. ii. p. 229). These rocks are included by Dr. Hicks 
in his “ Arvonian” group. 

t+ Mem. Geol. Survey. vol. i. p. 230 (1846). The belt of rocks here referred to 
has been mapped by Dr. Hicks as belonging mainly to his ‘‘ Dimetian,” but partly 
to his ‘‘ Arvonian” group. Quart. Journ. Geol. Soe. vol. xxxv. p. 287 (1879). 

{ Sheet 40 of the Geological Survey Map of England and Wales, and Sheet 1 
of the Horizontal Sections. 

§ Sir A. C. Ramsay’s field-maps, preserved among the official records of the 
Survey, show that he not only recognized marked differences among the igneous 
rocks, but that he mapped out the more important varieties. A MS. report 


Me 
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- A second (revised) edition of the Map was published in 1857, and 
was soon followed by a second edition of the Sections. The primary 
object in the revision of the work was the tracing of a line for the 
base of the Lingula-flags; but the opportunity was also used for 
separating some of the more important varieties among the igneous 
rocks. These were now classed as ‘“‘syenite” and “ greenstone,” 
all mention of the “ volcanic ash” of the previous edition being 
omitted from the St. David’s area. A considerable tract to the west 
of St. David's, which had been mapped by Ramsay as igneous rock, 
and which was regarded by him as composed mainly of volcanic ash, 
was now coloured as “‘ altered Cambrian”. 

As thus revised, the Map showed a long strip of syenite and fel- 
stone, stretching from the sea through St. David’s in a north-easterly 
direction for about seven miles, flanked on the south-east by Cam- 
brian strata, and on the north-west by “ altered Cambrian ” rocks 
through which long parallel sheets of greenstone had been erupted. 
The existence of abundant contemporaneous igneous rocks further 
north and east is clearly shown on the map; but in the immediate 


drawn up by him at the time, but never published, has fortunately been also 
preserved. From this interesting document a few extracts may here be appro- 
priate :—‘The igneous rocks of North Pembrokeshire are both intrusive and con- 
temporaneous ; the latter, however, occupy by far the greater area. The greatest 
intrusive mass is that which from Ramsay Sound stretches in a north-easterly 
direction nearly eleven miles. The best evidence of this trap being intrusive 
may be seen on the coast near St. David's, at Ogof-llesugn, where it cuts through 
the strata...at right angles to the line of strike. 

“The apparent composition of this large mass is very various, resulting, no 
doubt, in many instances from the different circumstances under which it cooled 
and consolidated. Thus, on the east side of Porth Lisky, and on both sides of 
the Allan at St. David’s, it is a large-grained, coarsely crystallized syenite, 
hornblende being comparatively sparingly diffused throughout. At Porth Lisky 
granular crystals of quartz are largely developed. In other places the same 
development may be seen. 

“The coast of Porth Lisky is almost entirely composed of volcanic ash, which, 
being of a softer texture than the traps on the H. and W. sides of the bay, has 
yielded to the action of the waves, and thus formed a little harbour. ... From 
hence, in the direction of Ramsay Sound, the rocks are composed of hard sili- 
ceous trap [and] various greenstones. ... These frequently alternate with partial 
layers of volcanic ash. These varieties constitute the rest of the mass to the 
eastward, without any very apparent order in the manner of their distribution. 
...Near Trelethin (St. David’s) and elsewhere there is a little volcanic conglo- 
merate. With the exception already mentioned, the strike of the strata generally 
more or less conforms to the general run of the intrusive mass. 

‘“‘ A glance at the contemporaneous traps shows that voleanic agencies had 
been in operation for long successive periods..... From the intermixture of 
voleanic ash and greenstone at Porth Lisky, it would appear that the forma- 
tion of this mass was in some measure the work of successive eruptions.” 

* Professor Ramsay, as Local Director of the Survey; agreed to this change, 
which was made on the ground by Mr. Aveline. In many respects the map was 
a marked improvement upon the first edition ; but the suppression of the refer- 
ence to fragmental volcanic rocks and the introduction of the term “altered 
Cambrian” were unfortunate changes, one effect of which has been to obscure’ 
the fact that to Ramsay belongs the merit of having first clearly recognized the 
presence of truly contemporaneous fragmental volcanic rocks in a formation of 
such high antiquity. p Sih 
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vicinity of St. David’s all the rocks of igneous origin are repre- 
sented as intrusive. | 

Until the year 1864 this interpretation of the structure of the 
district appears to have remained unchallenged. At the meeting of 
the British Association in that year, however, a suggestion was 
thrown out by the late J. W. Salter that the syenitic belt of the 
Survey was a portion of Pre-Cambrian land*. The only grounds 
given for this suggestion were that the rock is syenitic, and that it 
does not penetrate the overlying Cambrian strata. Next year 
Mr. Salter, acknowledging himself to have been mistaken, stated 
that Dr. Hicks had found portions of schist entangled in the syenite, 
as well as altered strata on the south side of the latter.rock?. 

In the year 1871 appeared a joint paper by the late Professor 
Harkness*and Dr. Hicks on the “ Ancient Rocks of St. David’s 
Promontory ’Z. A foot-note in this paper contains an announcement 
by Dr. Hicks that he had subsequently found on the ridge of 
St. David’s evidence of bedding in its component rocks, and that, as 
the strike is discordant to that of the Cambrian strata, there must 
be here a more ancient group of rocks than the Cambrian, occupying 
a position equivalent to that of the Laurentian group of Canada. 

' In 1875 Dr. Hicks asserts more confidently the Pre-Cambrian 
age of the rocks of this ridge, denies that these rocks are syenite as 
coloured by the Geological Survey, but maintains that they are bedded 
rocks—quartz-conglomerates and dark-green shales, partly meta- 
morphosed,—and affirms that they are covered unconformably by 
the Cambrian series §. 

Returning to the subject two years later, Dr. Hicks showed a still 
wider divergence from his original opinion. He now states that he 
call recognize two distinct series of Pre-Cambrian rocks at St. 
David’s, giving the name ‘“ Dimetian” to what he supposes to be 
the older, and “ Pebidian” to the younger series. Discarding the 
identification of any part of these rocks with syenite, he describes 
the ‘ Dimetian” as composed chiefly of compact quartz-schists, 
chloritic schists, and indurated shales, and the ‘“‘ Pebidian ”’ as con- 
sisting mainly of indurated shales, often porcellanitic in character. 
He regards the “‘ Pebidian” as resting unconformably upon and 
partly derived from the waste of the “ Dimetian” rocks. The 
Cambrian beds are stated to lie unconformably on both these series 
and to contain abundant fragments of them||. A little later Dr. 


* Rep. Brit. Assoc. for 1864, Sections, p. 64; Geol. Mag. vol. i. p. 289. 
The Rev. W. S. Symonds, however, claims to have first suggested to Salter a 
Pre-Cambrian origin for the St. David’s rock. See his ‘ Records of the Rocks,’ 

. 31, 1872. 
+ Geol. Mag. vol. ii. p. 430. 

¢ Quart. Journ. Geol. Soc. vol. xxvii. p. 384. For the introduction of bedding 
into the crystalline rocks of the ridge, as expressed in this paper, Professor 
Harkness does not appear to have been directly responsible. See footnote on 
p. 387 above referred to. 

§ Quart. Journ. Geol. Soc. vol. xxxi. p. 167. 

|| Quart. Journ, Geol. Soc. vol. xxxiii. p. 229 (1877). 
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‘Hicks recognizes that his ‘‘ Pebidian”’ series is in great part made 
up of volcanic tufts and agglomerates*. r 

In 1878 the late Mr. E. B. Tawney, who, in company with 
Professor Hughes and Mr. Hudleston, went over the St. David’s 
district under Dr. Hicks’s personal guidance, gave an interesting and 
valuable description of the rocks, to which I shall have occasion to 
make repeated reference in the sequel. In this paper he accepts 
generally Dr. Hicks’s conclusions, but, though classing the crystalline 
rock of the axis as metamorphic, confesses that “over a portion of 
the area, at any rate, it did not show evident bedding enough to 
prevent our classing if as a massive crystalline rock”. 

In the same year, Dr. Hicks announces the discovery of what he 
terms a new group of Pre-Cambrian rocks, named by him ‘“ Arvo- 
nian ”t, consisting of “breccias, halleflintas, and quartz-felsites,” 
previously included by him in his “ Dimetian and Pebidian,”’ but 
now regarded as intermediate between them, and unconformable 
‘with both. In later papers he summarizes the results of his re- 
searches§. 

During the progress of Dr. Hicks’s researches, the rocks of St. 
David’s have been referred to by other writers, sometimes on his 
authority, sometimes from personal observation under his guidance. 
It is not necessary to augment this bibliographical outline by citing 
all such references. Some of them are quoted in subsequent pages, 
where also several of Dr. Hicks’s own papers are dealt with more in 
detail. 

The object of the present communication is twofold,—first to 
discuss the evidence for the assertion that Pre-Cambrian rocks exist 
at St. David’s, and secondly to lay before the Society an outline of . 
what appears to me to be the true structure and geological history 
of that district. 


Parr I. 


The first part of the paper is unavoidably controversial. I pro- 
pose to examine the evidence for the alleged presence of Pre-Cam- 
brian rocks at St. David’s, and to state the facts which, when brought 
to the notice of geologists, will, I think, be admitted completely to 
disprove the existence of any such rocks at that locality. Disliking 
controversy so much as I do, it is with extreme reluctance that I 
now enter upon it. But Iam sure that, in the interest of truth, Dr. 
Hicks himself, whose published views I must oppose, will be glad 
that these views should be subjected to the most searching criticism. 
It is due to him, no less than to my colleagues on the Geological 
Survey, whose opinions he has controverted, that I should enter 


* Op. cit. vol. xxxiy. p. 153 (1878). [Their volcanic origin appears to have 
been first pointed out to him by Mr. Hudleston.] 

t Proce. Bristol Nat. Soc. new ser. vol. ii. part ii. p. 121. - 

t Rep. Brit. Assoc. for 1878, p. 536; Quart. Jou. Geol. Soc. vol. xxxy. 
p. 285 (1879). 

§ Popular Science Review, N.S. vol. v. p. 289 (1881); Proc. Geol. Assoc. 
vol. vii. pt. i. p. 59 (1881). 
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into the fullest details. In the discussion of the subject I am mainly 
desirous to get at the truth; and I feel confident that my natural 
and, I hope, laudable pride in the work done by my predecessors 
and colleagues on the Geological Survey will not lead me for a 
moment to forget the signal-services rendered to the history of the 
Cambrian rocks by Dr. Hicks, which no one can more cordially 
recognize than I do. 

At the outset I may allude to a characteristic feature in ‘the 
literature of the subject. From the brief summary above given of 
the various papers which have appeared, it will be clear that the 
views at present entertained regarding the Pre-Cambrian age and 
metamorphic character of the rocks of St. David’s are the result of 
a process of development during a course of years. Dr. Hicks at 
first put forward the idea of Pre-Cambrianism somewhat vaguely 
and timidly ; but each successive communication from him has shown 
increasing boldness in the enunciation and extension of his doctrine. 
Though interesting in itself, this evolution of opinion has been at- . 
tended with the disadvantage that so many of the statements and 
views expressed in the earlier papers have since been tacitly modi- 
fied or abandoned in the later ones, that it is difficult to know how 
far these earlier publications are available for citation as expressing 
Dr. Hicks’s ultimate opinions. Indeed they appear to possess little 
more than an historical value, as records of the successive stages 
through which their author’s present convictions have been reached. 
I shall only cite them where their observations are not positively 
contradicted in his later memoirs. 

It will be most convenient to discuss seriatim each of the three 
alleged Pre-Cambrian groups at St. David’s, beginning with the 
oldest. This, moreover, is nearly the order in which my investi- 
gations in the field were conducted. 


1. “ Dimerran.” 


Immediately to the south of St. David’s a gentle ridge, roughened 
here and there with rocky prominences, stretches in a south-west- 
erly direction for rather less than two miles. Its component rock 
is seen in scattered knobs, but in no continuous section, until, at 
its seaward termination, from the bay of Porth-lisky eastwards for 
about half a mile, it forms a rocky shore. This coast-section is the 
only continuous exposure of the rock in the district. But laying 
that rock bare as 1t does, both in horizontal ledges and vertical cliffs, 
and revealing its contact with the adjacent strata, this coast-section 
affords the geologist every facility for determining the structure 
and. stratigraphical relations of the rock that forms the ridge. 

In the original work of Dela Beche, and in the subsequent investi- 
gations of the Geological Survey, the rock in question was regarded 
as eruptive, and as later in date than the Cambrian strata, through 
which it was believed to have been intruded. At the time when 
these observations were made, the study of petrography was in a 
sadly neglected state in this country. We must not, therefore, ex- 
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pect precision or accuracy in the determination of rocks then made, 
either in the Survey or out of it. The rock of St. David’s was 
marked down as “‘Syenite” on the Survey Map and Section; and so 
it remains up to this hour. But in the present discussion the main 
fact to be noticed in regard to the Survey mapping is that the rock 
in question was declared to be an eruptive rock, intrusive in, and 
therefore later than, Cambrian strata. 

In his latest papers Dr. Hicks thus describes the rock in question. 
‘The rocks included under this name [Dimetian]. . . . everywhere 
show more or less distinct lines of bedding, striking from about N.W. 
toS.E. They vary also, to some extent, in their mineralogical char- 
acters, if examined at different points, and have apparently an 
order of succession in which these changes occur at recognisable 
horizons. The prevailing rocks in this group are of a granitoid 
character, usually of rather a massive, but sometimes of a schistose 
nature. 

‘Sometimes almost pure quartzites are found; but by far the 
largest proportion contain an admixture of felspar of a white or 
pinkish colour. Specks of viridite usually occur more or less through- 
out, and sometimes give quite a tinge to the rock. Mica occurs 
sparingly, for the most part; but there are occasionally micaceous, 
chloritic, impure limestone and serpentinous bands. At some places 
also, thin, compact, white bands of a more highly felspathic char- 
acter occur. Some of the beds assume a brecciated appearance, the 
masses being generally angular or subangular, and in composition 
much like the associated rocks. 

“ Speaking generally, the majority of the rocks comprising this 
group are highly quartzose, of a granitoid or rather massively gneissic 
nature, and usually easily recognisable by these characters; their 
strike is about from N.W. to S.E.”*. 

“This formation [Dimetian] consists chiefly of highly crystalline 
gneissic rocks, the prevailing types, however, being the so-called 
granitoid rocks, made up largely of quartz with some pinkish or 
white felspar.. Hornblende is much less abundant than in the 
Lewisian rocks; but mica is more frequently met with. It may be 
said to consist chiefly of acid types of rocks, whilst the former is 
made up mainly of basic types. Bands of limestone, hornblende, 
chlorite and micaceous schists occur occasionally in this formation” f. 

These rocks are regarded by Dr. Hicks as a great, bedded, meta- 
morphic Pre-Cambrian series, later in age than the ancient gneiss 
of the Hebrides. They are subdivided by him into two groups—a 
lower, consisting of “the massive granitoid and gneissose rocks of 
Bryn-y-Garn, St. Davids,” and au upper, composed of “ the so-called 
quartz-schists of Porth-lisky ” +. 


* Proc. Geol. Assoc. vol. vii. no. i. p. 61 (1881). On the next page the “ Di- 
metian” rocks are asserted to be “ chiefly of clastic origin.” 

+ Popular Science Review, N. S. vol. v. p. 291 (1881). It is to be noted that 
this paragraph relates to “Dimetian” rocks generally, and is not intended 
to apply specially to those of St. David’s. 

{ Popular Science Review, Joc. cit. 
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In reading Dr. Hicks’s papers I have been unable to find descrip- 
tions of, or references to, the numerous natural sections where the 
relations of the crystalline rock of the ridge to the surrounding 
mineral masses are displayed. He states, indeed, that the rock is un- 
conformably overlain by all later formations, but he does not men- 
tion any localities where he has observed this unconformability. In 
one passage he speaks of the Cambrian conglomerates resting imme- 
diately on the “‘ Dimetian” rocks, at the bend in Porth-clais valley, 
and of higher Cambrian beds in a similar position in the harbour*. 
It would be more correct to say that the “Dimetian” rock rests 
there on the conglomerate, as I shall afterwards point out. In 
another paper he states that “the junction of the Arvonian with 
the Dimetian may be seen at St. David’s, about a quarter of a mile 
to the south of the Cathedral, and near Rock House’. But he 
immediately adds that a slight depression probably marks a fault 
at that locality. Mr. Peach and I found on examination no evi- 
dence of any fault, nor of any line of demarcation between two 
formations. I shall have occasion to refer to this locality in a later 
part of the present paper. 

Dr. Hicks, in his various memoirs, introduces many lines of fault, 
of which, after diligent search, we could discover no trace on the 
ground, and which, for a clear understanding of the structure of the 
district, are not requiredt. 

An unconformability is so important a fact in the geological 
history of a region, that the most convincing proof of it ought to be 
demanded. We are entitled to expect that, unless where it is too 
clear to be mistaken, every available fragment of evidence regarding 
it should be produced. Still more must this expectation be fulfilled 
where the rocks in question have been greatly disturbed. No one 
who has not practically tried it can realize the difficulty of the 
problem to determine whether or not an unconformability exists be- 
tween two groups of rocks both of which have been intensely pli- 
cated or fractured. But to this difficulty no allusion is to be found 
in Dr. Hicks’s papers. 

Mr Peach and I began our work by an examination of the ridge 
of which Bryn-y-Garn is the crest. We were unable to detect any- 
where a trace of a structure which had the remotest resemblance to 
the foliation of gneiss or schist. Nor could we discover in the mass 
any alternations of other rocks. On the contrary, it everywhere 
retained the same general aspect, and presented all the familiar 
external characters of a massive eruptive rock. The presence of 
eneissic structure and intercalations of schistose bands, however, had 


* Quart. Journ. Geol. Soc. vol. xxxili, p. 231 (1877). 

Tt Quart. Journ. Geol. Soc. vol. xxxv. p. 289 (1879). 

t In his map published in 1877 (Quart. Journ. Geol. Soc. vol. xxxiii. 
pl. x.) Dr. Hicks represents a fault at every locality where the junction of the 
“Dimetian” with the other rocks is actually visible. These supposed faults 
have been introduced owing to a mistaken notion of the structure of the ground, 
and are not required even on the theory to support which they have been in- 
voked. 
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been so confidently and constantly affirmed that, for a time, we were 
inclined to believe we had missed the proper exposures. It was not 
until we had diligently hammered every knob and boss of rock in the 
whole district, without discovering any other structure than that of 
an eruptive mass, that we were driven to abandon as entirely imagi- 
nary the idea of a bedded structure and metamorphic origin for 
the central rock of the ridge. The comparatively limited and dis- 
connected sections of the interior amply suffice to make this quite 
clear. But the admirable continuous sections of the coast-line reveal 
the structure of the rock so completely that one could not but ask 
oneself the question many times a day, how such a rock ‘could ever, 
by any possible stretch of the imagination, be credited with a bedded 
structure and a metamorphic origin. Cut at all angles by the sinu- 
osities of the coast-line, it can be studied foot by foot across its 
entire breadth. Did it, therefore, possess foliation of any kind, or 
were it made up of parallel bands of different lithological characters, 
such a structure could not possibly escape notice. After the most 
careful search, however, neither my companion nor myself could 
discover any thing of the sort. But for the published statements 
regarding the rock, we should never have thought of making any 
stich search ; for the first few exposures would have sufficed to mark 
it out as unquestionably an eruptive mass. 

The petrographical characters of this rock will be given in Part II. 
of this paper (p. 313). To the naked eye it appears everywhere to 
be thoroughly crystalline and granitic in structure, like a granite of 
medium grain, perfectly amorphous, without any trace of ground- 
mass or any approach to foliation. It can readily be seen to be 
composed mainly of a granular crystalline ageregate of quartz and 
felspar with abundant ‘minute black or dark-green specks, which, by 
their decomposition, give rise to a diffused greenish discoloration. 
These dark specks were regarded by the Geological Survey as horn- 
blende; and hence, according to the old nomenclature, the rock was 
termed a syenite. On the other hand, were these dark green specks 
shown to be a mica, there could be no hesitation in classing the 
rock as a variety of granite. Whether examined in mass, in hand- 
specimens, or under the microscope, it presents the ordinary struc- 
ture of a granite. I shall therefore speak of it simply as a granite, 
and leave its peculiarities of composition to be discussed in the sequel. 
I may here mention, in passing, that I have examined microscopi- 
cally a large series of slices of the rocks of St. David’s, and that the 
result of this examination will be given in Part II. (as previously 
stated). 

The numerous rocky bosses upon the ridge south-west from St. 
David’s, and still more the long coast-section from Porth-lisky 
eastward, everywhere present a massive rock entirely destitute of 
definite structure, but traversed by irregular joints, which divide 
it into blocks, as in any ordinary granite. Here and there by a 
dominant set of joints it is separated into rudely parallel beds, or 
even thin slabs, as at Porth-lisky and eastward, where one series 
of joints, running from N.N.E. to §.8.W. with a high inclination, 
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gives, at a distance, a deceptive resemblance to bedding. This 
resemblance, however, disappears on examination. 

Numerous other systems of similar joints cut through the mass, 
precisely as they do through any eruptive crystalline rock. But 
nowhere have they the character of the divisional planes of a 
foliated rock, nor do they correspond with any internal arrangement 
of the component materials in parallel folia*. 

Dr. Hicks lays stress on the fact that, owing to its tendency to 
split, the rock cannot be dressed for building- or paving-purposes. 
He proceeds to generalize this fact into a kind of test ‘‘in distin- 
guishing many of the metamorphic rocks from those of igneous 
origin’ +. But surely there is no more familiar structure among the 
eruptive rocks than their tendency towards multiplied jointing in 
certain directions. Even in a massive homogeneous granite, where 
a practised geologist could not detect the least trace of any divis- 
ional planes, the quarrymen will at once show him what they call 
the ‘“‘reed”’ of the rock, along which it will break easily, but across 
which its fracture is less reliable and definite. From this condition 
every gradation may be traced, especially among the weathered 
parts, until the rock splits into slabs and might at first be mistaken 
for a bedded mass. 

A tendency to split in a given direction is therefore no necessary 
indication of bedding, and need have no connexion with foliation. 
Had the rock of St. David’s been one which might be classed with 
the gneisses and schists, it would certainly have revealed abundant 
proofs of foliation—that is, of a crystalline arrangement of its 
component minerals parallel with the general divisional planes of 
the rock. Dr. Hicks asserts that “traces of foliation are abun- 
dant” +. I can only meet this assertion by the statement that my 
companion and I searched most carefully every exposure of the rock 
we could find on the ground, and that I have since examined 
microscopically a series of specimens taken from ‘all parts of the 
ridge, without detecting either on the large or the small scale any, 
even the most distant, approach to a foliated structure. Many 
eruptive granites exhibit perfect foliation along certain pegmatite 
veins ; but even this structure we failed to detect §. 

Between the walls of the joints various decomposition-products 


* Tt may not be out of place to quote here, in confirmation of our observa- 
tions, those of Mr. Tawney. He recognized the tendency of the rock at Porth- 
lisky to split into flaggy and rhomboidal pieces, owing to concealed laminz 
coated with a thin chloritic lining, and was disposed to look on this structure 
as bedding; but he states that ‘‘ elsewhere it is difficult to say which divisional 
planes are dominant or less irregular than the others.” (Proc. Bristol Nat. 
Soc. N. S. vol. ii. pt. ii. p. 117.) 

Tt Geol. Mag. dee. 2, vol. viii. p. 148 (1881). 

{ Geol. Mag. dec. 2, vol. viii. p. 142. 

§ Dr. Callaway also could find no trace of foliated structure in the crys- 
talline rock of St. David’s, though he searched for it in the principal localities 
named in Dr. Hicks’s papers (Geol. Mag., dec. 2, vol. viii. pp. 94, 237, 1881), 
and, as he adds, it is not mentioned as existing in any of the microscopic 
descriptions that have been published of the rock. 
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have been introduced. Most of these are greenish in colour and 
more or less earthy in texture. Where the opposite walls have 
been displaced, slickensided surfaces may be seen upon them and 
upon the substances interposed between them. But these appear- 
ances present no.features differing from what are universally found 
among massive jointed rocks. They cannot be confounded with 
any original structure of the mass. 

Occasionally veins of a paler colour and finer texture ramify 
through the rock. They vary in width from an inch or less up to 
more than a foot. very one familiar with a large mass of granite 
will recoguize such veins at once as characteristic features of it. 
These also are referred to more in detail in Part II. 

The only distinct species of rock which we could discover in the 
mass is a dull-greenish, more or less decomposing, diabase or wacke, 
occurring in the form of abundant dykes and veins. These vary 
from a few inches to several feet in breadth, and traverse the 
granite irregularly in all directions. Where several run parallel at 
a short distance from each other, and have a slight hade in the 
same direction, they produce a deceptive resemblance to an alter- 
nation of beds. 

That these dark-green rocks, however, are all eruptive, intrusive, 
and of later date than the granite, may be confidently inferred on the 
following grounds :—Ist. They have precisely the ordinary external 
forms of eruptive dykes and veins, ramifying in different direc- 
tions, coalescing and reuniting. 2nd. They present the usual micro- - 
scopic characters of dykes of diabase or ancient basalt-rocks, with 
which they agree in crystalline structure, in the presence and linear 
arrangement of amygdules, in the existence of a rude prismatic 
structure transverse to the walls, and in their tendency to sphe- 
roidal weathering. 3rd. In microscopic structure they unmistakably 
belong to the Vasalt family. 4th. They not only traverse the 
granite (being most abundant in it) but are found cutting through 
the Cambrian beds on many different horizons. The true character 
of these eruptive rocks appears to have been first detected by 
Prof. Judd *,—a conclusion confirmed by Mr. Tawney 7. Dr. Hicks 
draws a distinction between some of them which he admits to be 
intrusive and others which he seems disposed to regard as bedded 
in the “ Dimetian” mass¢. But for this distinction I was unable 
to discover any ground whatever. ‘There can be no question as to 
their universally intrusive character and late Cambrian or Pos 
Cambrian date. 

In some of his earlier papers Dr. Hicks refers to the occurrence 
of abundant shales among the more crystalline rocks of the ridge. 
In his more recent summaries no reference is made to such inter- 


* Quart. Journ. Geol. Soe. vol. xxxiii. p. 235 (1877), and xxxiv. p. 156 (1878). 

t Proc. Brist. Nat. Soc., new ser. vol. 11. pt. 2, pp. 113 e¢ seq. 

¢ Quart. Journ. Geol. Soc. vol, xxxiv. p. 156. In his more recent papers he 
omits mention of these rocks as integral parts of his “ Dimetian ” series, uniess 
they are included in the “hornblende and chloritie schist,” which he states to 
be also a portion of the same series. 
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calations, though the occasional occurrence of micaceous and 
chloritic schists is referred to. I have been unable to determine 
what portions of the mass of rock at St. David’s could have been 
regarded by him as stratified or foliated intercalations of any kind. I 
believe him to have been deceived sometimes by the greenish decayed 
material filling up the partially opened joints, sometimes by the 
diabase dykes and veins. He appears also to have included in his 
“‘ Dimetian ” group portions of the undoubtedly bedded rocks (quartz- 
schists, quartzites, shales, &c.) which flank the massive rock of the 
ridge, as will be shown in the subsequent description of the coast- 
section at Porth-lisky. I repeat in the most emphatic manner 
that, after an exhaustive search over the whole ridge in question, 
neither Mr. Peack nor [ could find the shghtest trace of any shale, 
schist, quartzite, gneiss, or other stratified rock, bedded with that 
composing the ridge between Bryn-y-garn and the headlands south 
of Porth-lisky—nor of bedding or definite structure of any kind, 
save the joints universally present in similar massive rocks. We 
cannot even conjecture on what grounds the assertion has been so 
often made that the central part of the ridge is bedded, and that 
its bedding has an invariable strike from N.W. to S.E. We could 
see absolutely nothing in the rock to afford any basis for such a 
statement *. 

Did no other than petrographical characters exist to guide us, 
these are so clear in their concurrent testimony that there could be 
no doubt as to the propriety of placing the rock in question among 
the granites. It has the usual typical features of a granite, and 
none of those of a schistose rock. 

But further evidence is abundantly available. That this rock is 
not only a granite but one which has been erupted through the 
Cambrian strata, and must therefore be younger than they, is 
admirably demonstrated by the way in which tt behaves to the 
rocks that surround it. A field-geologist naturally turns at once to 
the line of junction between two rock-masses to ascertain their 
mutual relations. Unfortunately, in most cases such a line is so 
much obscured by superficial deposits that the actual contact of the 
rocks can, at the best, be seen only to a limited extent and in few . 
places. At St. David’s, however, the coast-section and the trans- 
verse valley cut by the river Allan permit the actual junction of the 
granite with the surrounding rocks to be seen at several localities 
and on both sides. I have searched in vain among the published 
papers for any account of these localities. It is difficult to believe 
that they can have been actually seen by any one who could after- 
wards maintain the rock to be Pre-Cambrian in age and meta- 
morphic in origin tf. They show the granite to be unmistakably 


* On the occasion of my second visit to St. David’s I again sought, with 
Mr. Topley, for any trace of foliation or bedding in the crystalline rock of the 
ridge, but equally without success. 

t It appearsthat Dr. Hicks started with the idea expressed on the Geological 
Survey map that the crystalline rock of the St. David's ridge is intrusive. He 
afterwards wrote that “on further examination it seemed clear that the syenite 
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eruptive; for the strata adjacent to it present examples of the 
induration and silicification so commonly, though not universally, 
observable along the borders of a granite boss. 

In describing the sections that exhibit the actual contact of the 
eruptive and sedimentary rocks, I would first allude to a fact of 
some importance which hitherto appears to have escaped notice. 
In the course of my examination my colleague and I observed that 
as it crosses the valley of the Allan above Porth-lisky, the granite 
sends out a tongue-like projection across the river at the ford, and 
that this projection is separated, by an intervening mass of Cambrian 
shales and sandstones, from another projecting tongue of granite 
lying further north. This northern portion may cross the river as 
a narrow belt and thereby connect the main mass of Bryn-y-garn 
with the lesser area that extends to Porth-lisky. As it contracts, 
however, to a breadth of not more than eighty yards on the west 
side of the Allan, there seems to be hardly any room for it to pass 
across the valley. Though, no doubt, continuous underneath, the 
granite mass is probably divided at the present surface into two 
separate areas by intervening Cambrian strata. (See Map, Plate VIII. 
p. 268.) 

The Bryn-y-garn granite mass projects for a few yards into the 
Cambrian grits and shales on the right bank of the Allan. I had 
several yards of the actual contact of the rocks laid bare at the foot of 
the hill, and found that the granite distinctly overlies the grit (fig. 3.), 


Fig. 3.—Section of Junction of Granite with Cambrian Strata. 
fight bank of Allan Rwwer, Porth-claas. 


the line of junction being a wavy surface inclined at an angle of 
about 55° *. The grits are much indurated; and their bedding is 


did not penetrate any of these beds” (Quart. Journ: Geol. Soc. yol. xxxiii. 
p. 229, 1877). I cannot conceive in what direction this further examination 
was carried, nor how the very clear proofs of intrusion could have been missed 
or misunderstood. 

* This junction was bared, with Mr. Topley’s assistance, on the occasion of 
my second visit. Some portions of this grit are so coarse as to pass into a 
quartzose conglomerate, which may be the conglomerate band above the vol- 
canic group. This is about the place where that band should come in, next the 
green and red beds seen at Porth-clais. Its position is suggested in Section 
fig. 1, p. 268. 
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obliterated, though lines of pebbles can be traced which appear to 
indicate that the strata are nearly vertical. 

On the opposite side of the river another junction of the granite 
with the Cambrian beds can be seen. The latter consist of greenish 
shales and sandstones dipping N. 20 W. at 55°., and are here again 
distinctly overlain by the granite, which cuts across the edges of 
the strata that dip beneath it. At this point the line of junction 
has served as a channel for percolating water; and the rocks on 
either side are so decomposed that no satisfactory observations of 
their internal characters can be made. 

It is deserving of remark that, in its course across the valley, the 
projecting tongue of granite now described traverses obliquely a 
considerable thickness of strata. In particular, it can be seen to 
have cut out nearly the whole of the thick bed of grit above 
referred to, no portion of which-appears on the opposite side 
(figs. 4 and 5). 


Fig. 4.—Plan of Junction of Granite with Cambrian Strata, 
Porth-clais. 
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The eastward prolongation of the Porth-lisky granite mass 
likewise protrudes as a tongue into the Allan valley. This tongue 
has a breadth of about eighty yards ; but it seems to be narrowing 
eastwards, so that, as already stated, it probably does not cross the 
valley. On both its northern and southern borders its junction 
with the Cambrian rocks can be seen. On the south side greenish 
sandstones, shales, and silky hydro-mica schists, like some of those 
to be afterwards referred to as occurring at Porth-lisky, abut 
against the granite; but the rocks along the line of contact have 
been decomposed into clay by the rise of water. On the north side 
the junction is more satisfactorily shown ina quarry on the left side 
of the road from Porth-clais to Rhoscribed. Here the conglomerate, 
in highly inclined beds, is overlain by the granite, which leans 
against it. The conglomerate is indurated; but at the actual 
contact both rocks have been much decomposed by percolating water. 
Some of the details of these junctions of the granite with the 
stratified rocks are reserved for the second part of this paper (p. 317). 

Before leaving the relations of the granite to the Cambrian strata 
in the Allan valley, I must allude to the fact that this is the locality 
cited by Dr. Hicks as showing the Cambrian conglomerates and 
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higher beds resting on his “ Dimetian” ridge*. At every section, 
. instead of lying upon the granite unconformably, they plunge 
beneath it. The general disposition of the rocks in this part of the 
valley is expressed in the accompanying diagram (fig. 5). It will 


Fig. 5.—Sketch Plan of the Disposition of the Rocks in the Allan 
Valley at Porth-clais. 


be evident from this map and from the foregoing description that 
the relative positions of the two rocks cannot be accounted for by 
faulting +. At Porth-clais the actual terminal curve of the granite 
projection can be traced across the bed of grit through which it has 
risen (fig. 4). These junctions are characteristically those of an 
eruptive mass. 

But the most important junction of the granite and Cambrian 
beds is that which has been cut by the sea in the range of cliffs 
between Porth-lisky and Porth-clais at the little inlet of Ogof- 
llesugn (fig. 6). The granite, which extends continuously eastward 
from Porth-lsky, abruptly ends off, and is succeeded at once by 
vertical sandstones and shales, which are truncated by it nearly at 
a right anglet. On the seaward face of the cliff the granite has 


* Quart. Journ. Geol. Soe. vol. xxxiii. p. 231 (1877). 

t+ That there may have been some local slipping along the boundary-line 
between the granite and the rocks it has invaded is not unlikely. In the Allan 
valley the faults would need to be reversed ones, and to wind about so as 
precisely to counterfeit the boundary-line of an eruptive rock. This subject is 
further referred to in Part IT. (p. 310). 

This locality is referred to by Dr. Hicks as a line of fault; indeed, in his 
map (Quart. Journ. Geol. Soc. vol. xxxi. pl. vill.), as already stated, he makes 
the boundary-line between the two rocks everywhere a fault. I have admitted 
that, along the flanks of the granite, occasional local slips may have taken place ; 
but the visible sections prove that no continuous or important faults occur 
there. Possibly some slight displacement may have taken place at Ogof-lesugn ; 
but the mass of conglomerate is imbedded in the granite. It should be noted 
here that, the section described in the text is the same as that already referred 
to in the citation from Sir A. C. Ramsay’s early MS. report as affording the best 
evidence of the intrusive nature of the igneous rock. 


Q.J.G.S. No. 155. XY 
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torn off a mass of conglomerate and associated tuffs. These rocks 
have been so intensely indurated and silicified that the quartz pebbles . 
are hardly traceable on a fresh fracture, though they project more 
evidently from a weathered surface. It is even difficult in places 
to say precisely where the line between granite and conglomerate 
should be drawn, so intimately are they welded together. The 
former rock, still presenting its normal petrographical characters, 
may be seen both underlying and overlying the involved portions of 
conglomerate, red shale, and fine tuff, the latter being altered into 
a kind of hornfels or porcellanite. Veins of granite penetrate these 
altered rocks. Great numbers of diabase dykes traverse the granite ; 
and some of them cut the Cambrian strata also. 


Fig. 6.—Plan of Junction of Granite with Cambrian Strata, 
Ogof-llesugn, St. David’s. 


The importance of this section in any discussion as to the nature 
of the crystalline rock of the ridge south of St. David’s cannot be 
exaggerated. It is rather difficult of access, which may possibly . 
account for the absence of any description of it in the papers hitherto 
published ; but it completes the demonstration that the rock, which 
can be traced from St, David’s to the coast south of Porth-lisky, is 
an eruptive mass that has been intruded into the Cambrian strata. 
The quartz conglomerate, here altered by the granite, is unquestion- 
ably the same band which can be traced along the coast for fully 
two miles eastward, and the greenish and reddish tuffaceous shales 
are recognizably those that everywhere accompany the conglomerate. 

On the opposite side of this portion of the granite ridge the 
eruptive mass comes into contact with the stratified rocks in the Bay 
of Porth-lisky. Unfortunately, however, the actual junction is 
obscured, on the cliffs by the decomposition of the schists that abut 
on the granite*, and on the beach by the quantity of fallen blocks. 

The condition of the beach doubtless varies from time to time ; 
but neither on the occasion of my first visit last September, nor on 
the second examination five months later, could I trace the actual 
contact of the two kinds of rock, though I followed them to within 
a few feet of each other. The schists are, in some bands, much 
indurated, passing into a kind of quartzite or quartz schist. The 
crystalline rock of the ridge, as exposed along the cliff, presents 


* There may have been a shift at the line of junction here. 
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features not unfrequently observable along the edge of the granite, 
being fine-grained and of a diffused greenish tint. On the beach it 
becomes in places very quartzose and much impregnated with calcite, 
some portions weathering with a nodular surface not unlike that of 
a conglomerate. Possibly there may be some dislocation along the 
line of junction, and the calcareous portions may be due to infiltra- 
tion along the lines of fracture*. Though I searched the locality 
very carefully with Mr. Peach, and subsequently with Mr. Topley, 
I could not trace bedding in the granite such as has been described 
by Dr. Hicks. As aiready mentioned, the granite is much jointed 
here, and the joints are in some places close and rudely parallel ; 
but they are mere joints, readily distinguishable from any original 
structure of the rock. 

It is worthy of remark that the schists which abut on the granite, 
and extend across the Bay of Porth-lisky, dip at high angles towards 
N.N.W. They strike at the granite, so that, apparently, lower beds 
come out as they are followed seawards. Ishall afterwards show that 
all these strata are inverted, and that, consequently, the most easterly 
beds at Porth-lisky are stratigraphically higher than those immedi- 
ately to the west of them. Mr. Peach and I observed these peculiar 
schists at Ramsey Sound lying below the conglomerate ; indeed, if 
the rocks of Porth-lisky could be traced for a quarter of a mile 
further out to sea, the conglomerate would doubtless make its 
appearance‘. 

If now we turn to the Map (PI. VIIL., p. 268), it will be seen that the 
eranite, in its course from St. David’s to the sea, cuts across succes- 
sive horizons of Cambrian beds, penetrating deepest into them on the 
north and east, and reaching its highest platform on the south. 
The way in which it has broken through and pushed aside the con- 
glomerate is peculiarly striking. That band of rock has been assumed 
by Dr. Hicks to be the base of his Cambrian system ; we find, how- 
ever, that the granite not only invades it, but ascends across the over- 
lying shales and sandstones. 

One further statement calls for notice here. Dr. Hicks, having 
satisfied himself that the granite of St. David’s is a bedded metamor- 
phic rock, has ventured upon estimates of its thickness; in his 
paper of May 1878, he remarks that the thickness previously claimed 
by him for his “ Dimetian” group, viz. 15,000 feet, is not an over- 
estimatet. But, as will be afterwards pointed out, the only bedded 
rocks that occur between St. David’s and Porth-lisky lie on the 
flanks of the granite, and strike with the ridge instead of across it, 


* Mr. Tawney, who had the advantage of being guided over the locality by 
Dr. Hicks himself, regarded the calcareous bands as “due to the decomposition 
caused by water filtering down joints, removing alkaline silicates, and depositing 
carbonates of lime and magnesia” (Proc. Bristol Nat. Soc. N. 8. vol. ii. pt. 2, 
p-116). I cannot doubt that this is the true explanation of the limestone and 
dolomite bands described by Dr. Hicks from this locality. 

Tt In connexion with this southward prolongation of the conglomerate, we 
must look on the mass at Ogof-llesugn as having been torn off from the main 
body, which must lie somewhere beneath the granite, 

{ Quart. Journ. Geol. Soc. vol. xxxiv. p. 154; see also vol. xxiii. p. 230 (1877). 
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so that they must be measured at right angles to the line taken by 
Dr. Hicks. I am not aware of any method by which we can 
measure the thickness of a square mile of granite. 

To the phenomena of contact-metamorphosis I shall return in the 
second part of this paper (p. 317). The evidence now brought forward 
is, | submit, amply sufficient to prove that, whether studied in hand- 
specimens, in microscopic slices, or in the numerous natural sections 
which show its geotectonic relations, the “ Dimetian” group of Dr. 
Hicks, instead of being a ridge of Pre-Cambrian metamorphic rock, 
is really a boss of eruptive granite, later in date than the Cambrian 
strata through which it has been intruded, and that the term 
‘‘Dimetian”, so far at least as regards its original locality, must be 
abandoned. 


9. ** ARVONIAN,.” 


The rocks grouped under this name by Dr. Hicks at St. David’s are 
thus described by him. 

‘The rocks now included in this group I originally associated 
with the Dimetian ; but in the year 1878 * I separated them from 
the latter, under the above name. 

‘‘On the Survey Maps they are coloured generally as felstones 
and porphyries, usually intrusive amongst Cambrian or Lower Silurian 
rocks. They consistin reality of flows of rhyolitic lavas, alternating 
with felsitic breccias and halleflintas. The strike is from N. to §., 
and, hence, discordant to those newer rocks with which they are 
usually surrounded, as also to the underlying Dimetians. Like the 
Dimetian, this is a highly acid group, being mainly made up of the 
types of rocks known as the quartzo-felspathic. But, instead of | 
being like these, chiefly of clastic origin, we have here a great series 
of acid lavas mixed up with a comparatively small proportion only 
of rocks of a clastic nature. -In colour these lavas vary from being 
very dark (almost black) to a light grey, and from deep red or violet 
to fiesh-colour. The flow-structure is usually well marked, and in 
many cases the spherulitic structure also. A large number are por- 
phyritic, from the minute crystals of felspar or quartz. The hille- 
flintas are more siliceous-looking than the rhyolites, and havea 
horny-looking texture and fracture. Under the microscope they are 
still more easily distinguishable. Their chief peculiarity, perhaps, 
consists in the manner in which some of the quartz becomes separated 
away into nests, so as to give the rock a curious pseudo-porphyritic 
appearance; whilst the intervening parts exhibit the appearance of 
a micro-crystalline mass of quartz grains, with intervening felsite. 
The breccias usually consist of fragments of lavas and halleflintas, 
like those in association with them, and the pieces angular. 

“This group, therefore, #s characterized by being for the most 
part made up of acid lavas, breccias, and compact siliceous rocks of 


the halleflinta type, and as usually having the strike in a direction 
from N. to 8.”f. 


* (Quart. Journ. Geol. Soe. vol. xxxv. p. 285 (1879). ] 
t Proc. Geol. Assoc. vol. vii. no. i. p. 62 (1881). 
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In the definition of the lithological characters here ascribed to the 
rocks in question I am disposed generally to agree. These mineral 
masses are partly eruptive quartz-porphyries, and partly highly sili- 
ceous strata of sedimentary origin to which the names halleflinta, 
hornfels, porcellanite, chert, Kieselschiefer, adinole, &c. might in dif- 
ferent places be applied. But here my agreement ends. Instead of 
finding evidence that these rocks lie with a discordant strike uncon- 
formably against the so-called “ Dimetian” below, and are covered 
unconformably by Cambrian or “ Pebidian” beds above, Mr. Peach 
and I discovered that Dr. Hicks had really created a separate stra- 
tigraphical “group” out of the zone of quartz-porphyry bosses 
and dykes with the accompanying indurated sedimentary rocks that 
surround the central core of granite. 

I shall discuss the phenomena of intrusion and metamorphism in 
the second part of this paper. There are only two questions that 
need be considered here. In the first place, Dr. Hicks asserts that 
his “ Arvonian” rocks usually present a north and south strike, and 
are unconformable to his ‘‘ Dimetian” group. This assertion has been 
virtually disproved by the evidence which I have now advanced as 
to the true nature of what he calls ‘‘ Dimetian.” But, for the sake 
of precision, I may here state that my colleague and I made careful 
observations of the strike of the rocks all round the granite, and 
found the dominant trend to be parallel with the granite ridge—that 
is, generally in a north-easterly and south-westerly direction. Where 
the average strike changes, it is rather towards east and west than 
towards north and south, as is more especially noticeable on the 
coast between Ogof-llesugn and Caerbwdy. Nowhere could we 
detect a prevalent north-and-south strike, nor any general tendency 
in the rocks to strike at the granite. 

The quartz porphyries, which appear to constitute a great part 
of the so-called “ Arvonian group,” show no strike. They are really 
as devoid of any semblance of bedding as an eruptive rock can 
well be. Dr. Hicks remarks that the junction of the ‘ Arvonian” 
and “‘ Dimetian” rocks is to be seen at St. David’s; but he immediately 
adds that there is a line of fault at the locality between the two 
groups. He describes the “‘Arvonian” rocks as “striking up 
towards the ridge” and “ the lowest beds ” as being visible near the 
Deanery. The rocks exposed over that area are of a type not un- 
frequently observable round the edge of the granite and doubtless 
connected with it, to which I shall refer more in detail in Part II. 
They are entirely amorphous, eruptive masses, without the least 
trace of any kind of bedding. On the road-side between the Deanery 
and Rock House, among the numerous joints there is one set that 
runs in a north-and-south direction, the joint-planes being inclined 
at high angles towards the west. This was the only structure that 
I could discover which might have suggested the idea of bedding. 

In the second place, Dr. Hicks alludes to the view expressed on 
the Survey Maps that the igneous rocks in question are intrusive, 
but only to dismiss it without further notice and to substitute for it 
the statement that “they consist in reality of flows of rhyolitic 
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lavas, alternating with felsitic breccias and halleflintas”*. In 
another paper he writes that ‘they were marked on the Geological 
Survey Maps as intrusive felstones; but a very cursory examination 
proved that they were not of that nature, and that they were in 
reality bedded sedimentary rocks which had undergone metamorphic 
change” t. Passing over the discordance between these two emen- 
dations of the Survey Maps, I would observe that the author, in dis- 
missing the view taken by the officers of the Survey and substituting 
for it another of his own, offers no observations of any kind in support 
of his emendations. He simply declares the rocks to be rhyolitie 
lavas (meaning evidently, streams of lava that have flowed out at 
the surface), but mentions no character by which they are to be 
distinguished from intrusive masses. In a previous paper, indeed, 
he had admitted that they were “ possibly intrusive ’’t, though at 
the same time he regarded them as “appearing distinctly to lie in 
the line of bedding of their associated quartz rocks.” He would 
seem to have been led to regard them finally as lavas, from a remark 
made to him by Professor Bonney that they most resemble a lava- 
flow§. I presume it was the presence of fluxion-structure in them 
that suggested this identification ; but I shall subsequently show how 
fallacious this presumed test is for the purpose of distinguishing the 
superficial from the more deep-seated manifestations of volcanic 
matter. To go no further than the region of St. David’s, I find 
spherulitic structure and fluxion structure in the most obviously 
intrusive dykes. 

- In every example in this district where the actual contact of the 
porphyries with the surrounding stratified rocks can be seen, the 
porphyries are distinctly intrusive. In the quarries north of the | 
Church Schools the fine tuffs and schists or shales, which are un- 
doubtedly a portion of Dr. Hicks’s “ Pebidian” group, are much 
indurated close to the porphyry, which traverses them obliquely to 
their bedding. But this alteration insensibly dies away as the strata 
are followed northward; and at a distance of about sixty or seventy 
yards they assume their usual characters of fine tuff. The actual 
intrusion of one of the quartz-porphyries as a dyke or elvan 
through the strata, however, may be seen in the noble section 
among the cliffs south of Nun’s Chapel. Other examples occur 
further west, near Treginnis. The behaviour and structure of these 
rocks will be discussed in Part II., in connexion with the metamor- 
phism of the district. 

Dr. Hicks associates certain breccias with his rhyolites as con- 
temporaneous components of the ‘“‘ Arvonian group.” But there can 
be no doubt that they are portions of the volcanic (or what he 
terms his “ Pebidian”) group which have been invaded by the por- 
phyries and have been much indurated. They can be seen north of 


* Proc. Geol. Assoc. vol. vii. pt. 1, p. 62 (1881). 

Tt Quart. Journ. Geol. Soc. vol. xxxv. p. 286 (1878). 
{ Quart. Journ, Geol. Soc. vol. xxxiv. p. 153 (1878). 
§ Ibid. p. 154. 
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the Church Schools -forming part of that group, also on the south 
side of the ridge near Nun’s Chapel. 

So far, therefore, as regards the evidence to be obtained at St. 
Dayid’s itself, there is no foundation whatever for the institution of a 
separate group under the name of “ Arvonian.” The rocks so called 
by Dr. Hicks are portions of his “‘ Pebidian”’ group invaded and 
altered by a central core of granite and abundant dykes or bosses of 
quartz porphyry*. What the “ Pebidian” group really is must now 
be considered. 


3. “ PEBIDIAN. ” 


The general characters of this group of rocks at St. David’s are 
thus summarized by Dr. Hicks :— 

“Most of the rocks in this group differ from those already de- 
scribed, though occasionally there is a certain amount of resemblance 
remaining. Instead of the acid types prevailing, as in the pre- 
viously named groups, we find the basic types more largely developed. 
Basic lavas and breccias now predominate over the rhyolites ; and the 
clastic rocks are more micaceous, chloritic, and talcose. On theSurvey 
Maps these rocks are coloured as altered Cambrian, and partially as 
intrusive greenstones. On more careful examination the so-called 
ereenstones turn out to be bands of indurated volcanic ashes, and con- 
temporaneous basic lava-flows. Agglomerates and breccias occur in 
great thicknesses in the group; and the fragments are chiefly, except 
in the lowest beds, of a basic character. Chloritic, talcose, felspathic 
and micaceous schistose rocks occur also at various horizons, and occa- 
sionally purple and green slates. Serpentinous bands are also some- 
times found, as well as veins of jasper, epidote, and asbestos. Some 
of the finer and more quartzose beds assume a gneissose appearance, 
and others are porcellanitic. 

“The strike in this group is from about N.E. to 8.W., and hence 
nearly in accordance with that in the overlying Cambrian rocks. 
That this group, however, must have been in much the same con- 
dition in which it is found, before a grain of the Cambrian rocks 
was deposited, is perfectly clear from the fact that the conglomerates 
at the base of the latter are very largely made up of rolled pebbles 
and rounded fragments identical with the rocks below. An actual 
unconformity between the two groups is also seen at several points. 

““This group consists of a far more varied series than the two 
former, and doubtless would exhibit a still greater diversity if fully 
exposed; for it is perfectly clear that, in consequence of the rapid 


* The intrusive character of the quartz porphyry south of Nun’s Chapel is 
admitted by Dr. Hicks in his paper of 1877 (Quart. Journ. Geol. Soe. vol. xxxiii. 
p. 236). He gives a section showing it cutting through the rocks (his “ Pebidian”), 
and says that it does not penetrate the Cambrian beds above. But at its western 
end, where it descends to the beach, it approaches the conglomerate, and would 
probably be found piercing it if the beach could be cleared of the fallen débris. 
T shall show that this rock is precisely similar in petrographical character to the 
so-called ‘‘ Arvonian” porphyries of St. David’s (p. 315). 
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overlapping of the sections by the Cambrian rocks, much is hidden 
from view” *, 

I accept generally the lithological descriptions here given, but 
with important modifications to be afterwards stated. There can 
be no doubt that the group is almost entirely of volcanic origin— 
formed principally of various tuffs with bands of olivine diabase and 
occasional intrusive masses of quartz porphyry. I have already 
shown that the voleanic nature of these rocks was clearly recog- 
nized by my predecessor, Sir A. C. Ramsay, in his original map and 
section, and in his early MS. report on the St. David’s area, and that 
he afterwards allowed this view to be set aside in favour of the 
opinion that the peculiar bedded rocks on the west side of the granite 
ridge are altered Cambrian strata through which intrusive “ green- 
stones ” have been injected. It is this view which is expressed upon 
the second and latest edition of the Survey Map and Section. I at 
once acknowledge that in this respect the present Map and Section 
are seriously in error, and that Dr. Hicks deserves the thanks of 
geologists for having, as it were, rediscovered probably the oldest 
group of paleozoic voleanic masses yet known in this country. 

Reserving for the second part of this paper what I have to add 
to the published descriptions of these rocks, I proceed at once to 
consider the evidence for their forming a distinct Pre-Cambrian group 
lying unconformably on the groups below, and covered unconforma- 
bly by the Cambrian strata above, as has been so repeatedly asserted 
by Dr. Hicks. 

In this instance, again, I have been unable to discover in his pub- 
lished papers references to any sections where the proof of the 
alleged unconformability between the so-called “ Pebidian” and 
“‘ Arvonian” rocks can be seen. ‘The unconformability, if it existed, 
might be proved (1) by actual sections showing the line of 
junction, (2) by detailed mapping of the ground and the detection 
of proofs of overlap and discordance, or (3) by the evidence of in- 
cluded fragments. Dr. Hicks asserts that “resting unconformably 
upon the whole [Arvonian Group] are the great “agglomerates of 
Clegyr Hill, the base-beds of the Pebidian, which are made up of 
masses of Dimetian rocks, of quartz felsites, spherulitic felstones, 
and hialleflintas, and all in the condition in which they are now 
found composing the underlying ridges. From this evidence it is 
tolerably clear that the position of the Arvonian or halleflinta group 
is intermediate between the Dimetian and the Pebidian, and that 
there is, at least in this area, very clear proof of unconformity and 
hence of lapse of time having intervened” f. In this passage he 
enumerates two of the three kinds of proof just referred to as 
indicative of the discordance in question. 

Again my companion and I sought diligently for any trace of the 
alleged evidence, but completely without success. Like the other 
assertions with which I have been dealing, its groundlessness became 
more apparent at every step of the investigation. There is not only 


* Proc. Geol. Assoc. vol. vii. p. 63. 
t Quart. Journ. Geol. Soc. vol. xxxv. pp. 289, 290 (1879). 
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no vestige of an unconformability, but the volcanic groups which 
Dr. Hicks has included in his “ Pebidian” can be seen in many 
places graduating insensibly into the altered shales which form a 
great part of his so-called “ Arvonian.’”’ In fact the latter group, as 
above stated, consists of portions of the volcanic breccias and tufts 
(that is, the ‘‘ Pebidian ” strata) where these are invaded by quartz 
porphyry. This is well seen in the series of quarries north from 
the Church Schools, where, as already remarked, a perfect gradua- 
tion can be traced from highly altered shales and tuffs, next the 
intrusive quartz porphyries, northward into the normal condition of 
these strata in the district. The assert. a that the Pebidian strata 
are made up chiefly of “‘ Dimetian” fragments must, from the evidence 
already adduced as to the late date and intrusive nature of the 
“‘ Dimetian ” mass, be founded on error of observation. I need hardly 
say that, after the most patient search, neither Mr. Peach nor my- 
self could detect anywhere in these tuffs and breccias the smallest 
fragment which, by the utmost stretch of fancy, could be referred to 
the granite of the “ Dimetian” ridge. There occur indeed, abundant 
lapilli of felsite, as I shall more fully describe in the sequel; but 
these fragments can readily be discriminated from the material form- 
ing the eruptive porphyry dykes and bosses. 

But the most extraordinary statement in the passage just cited is 
that in which the writer asserts that the great agglomerates of 
Clegyr Hill rest unconformably upon his ‘“ Arvonian” group. 
The agglomerates in question are well seen on the road-side east of 
Clegyr Bridge, where they dip towards 8.8.E. at 65°, and are inter- 
banded with siliceous layers (hilleflintas). These siliceous bands are 
precisely the same as those seen near the quartz porphyries north of 
the Board-Schools, on the shore at Nun’s Chapel, and elsewhere. They 
are characteristic of the volcanic group where it. is traversed by 
intrusive siliceous eruptive rocks, and particularly of a zone that 
lies not far below the conglomerate to be referred to in a later 
part of this paper. The presence of these bands in what Dr. Hicks 
himself cites as typical ‘“‘ Pebidian ” agglomerates is an important 
fact, in still further proving that, at St. David’s itself, “‘ Pebidian ” 
and ‘‘ Arvonian” are only different names for the same series of 
rocks. 

On Clegyr Hill the same agglomerate, interbedded with fine tuff 
and bands of siliceous schist, and traversed by a dyke or boss of 
spherulitic quartz porphyry, appears to dip towards the N.W. at 
40°-50°—that is, actually towards the rocks which it is said to 
overlie. Nothing is seen at the surface for a distance of nearly a 
quarter of a mile, when the observer finds that a few square yards 
of quartz porphyry have been laid bare in a quarry to the south of 
Trepewit, while, about thirty yards distant, fine tuff, nearly vertical, 
but preserving the normal E.N.E. strike, is seen on the road-side. 
Yet Dr. Hicks boldly asserts not only that the rocks of Clegyr Hill 
overlie the porphyry, but that they do so unconformably ! 
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The unconformability between the top of the “ Pebidian ” rocks 
and the conglomerate which Dr. Hicks assumes to be the base of 
the Cambrian system likewise disappears on examination. As before, 
he rests upon presumed discordance in the dip and strike of the 
rocks, and on the alleged presence of fragments of the older rocks 
in the younger. But both these tests fail him. 

In the first place it can be conclusively shown that in dip and 
strike the volcanic group and the overlying conglomerate, sandstone, 
and shales are perfectly conformable throughout. Mr. Peach and I 
proved this by numerous measurements all over the district. We 
observed that, at the locality on Ramsey Sound, near Castell, men- 
tioned by Dr. Hicks as showing the unconformability of the con- 
glomerate, there has been a slight local disturbance of the strata. 
The beds below the conglomerate have been bent up, and the con- 
elomerate itself has been pushed over them. Seen from the top of the 
cliff the conglomerate lies in part on their edges. But when examined 
on tke spot the unconformability disappears, and the strata below the 
conglomerate are found at a little distance from the disturbance to 
be perfectly conformable with it. The same complete conformability 
is well exposed on the face of the next projecting cliff southward. 

At another locality, on the coast south of Caer-fai, also referred 
to by Dr. Hicks, there is an apparent discordance between the con- 
glomerate and the beds below it. But here again the seeming un- 
conformability at once disappears on examination. It is an instance 
of the familiar phenomenon of what has been called ‘“‘ contempo- 
raneous erosion.” Every field-geologist knows that this structure 
constantly occurs among pebbly strata, from the most recent valley- 
gravels to the most ancient sedimentary rocks yet known. Were it 
to be used as indicative of serious unconformability, we might have 
half a dozen discordant formations in a single grayel-pit. But the 
section at Caer-fai, as shown in fig. 7, might as well be taken to 
prove unconformability above the conglomerate as below it. In 
reality these are merely common local accidents of sedimentation, 
and, but for their relation to the question now under discussion, 
would not be worthy of special notice. 

Dr. Hicks, in one of his papers, remarks that “the line of strike 
of the Cambrian rocks appears at first sight to be nearly identical 
with that of the underlying Pebidian beds; but when examined 
carefully it will be seen that in no case is it truly so, but that the 
conglomerates overlap the beds irregularly and at different points in 
the succession”*. In another paper he states that the Cambrian 
conglomerate overlaps the “ Pebidian” group altogether, so as to rest 
upon the “‘ Dimetian” rocks‘. 

I was not surprised by these statements when I found that he 
had wholly missed the structure of the ground between Ramsey 
Sound and the granite ridge. At first an observer traversing 


* Quart. Journ. Geol. Soe. vol. xxxiv. p. 159 (1878). 
t Ibid. vol. xxxiii. p. 230 (1877). 
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Fig. 7. Contemporaneous Erosion accompanying Cambrian 
Conglomerates. Caer-fai, St. David’s*. 
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the coast-section, or looking at the occasional exposures inland, 
and finding that all the tuffs, breccias, and diabase sheets dip 
steadily in a north-westerly direction, would infer that he is 
crossing a continuous succession of beds, the highest being at the 
north-west end and the lowest at the south-east end of the section. 
This natural inference has been drawn by Dr. Hicks, and may 
partly account for some of the errors into which he has fallen. 
Further comparison, however, would have shown him that the strata 
are here isoclinally folded; that is, they have been thrown into an 
anticline, which has been bent over to the south-east, so that the 
strata in the south-eastern half of the fold are inverted (figs. 1 & 2, 
p. 268). That thisis the case, was proved by Mr. Peach and myself 
in the identification of the same beds on the two sides of the arch. In 
particular, the peculiar group of shales or schists immediately below 
the conglomerate on Ramsey Sound reappears at Porth-lisky. The 
conglomerate accompanies them ; but at the latter locality it has been 
cut out by the granite. It appears, however, a short way inland in 
the Allan valley, and on the east side of the granite at Ogof-llesugn. 
The reversed dip continues along the coast-line; but the beds are 
eventually seen to right themselves, and they appear in normal 
order to the east of Caer-fai. I shall return to this interesting 
structure in the second part of this paper (p. 309)*. 


* Dr. Hicks figures this junction as an unconformability of the Cambrian 
conglomerates on the Pebidian Beds. But he reverses the visible dip, making 
the rocks inclined towards the sea instead of towards the land (Quart. Journ. 
Geol. Soc. vol. xxxiii. p. 236). This subject is again referred to in the text. 

+ It may be proper to notice here that the structure above described proves 
that Dr. Hicks’s estimate of the visible thickness of his “ Pebidian ” group is 
greatly exaggerated. He makes the thickness at least 8000 feet (Quart. Journ. 
Geol. Soc. vol. xxxiv. p. 159). Were the beds absolutely vertical all the way, 
they could not be more than 4000 feet ; for they extend across a belt which, to 
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In the second place, Dr. Hicks has stated more than once that the 
Cambrian conglomerates are largely made up of the underlying 
“ Pre-Cambrian ” rocks*. As the result of a most careful examina- 
tion of the conglomerate belt along both sides of the fold, I feel 
myself warranted in stating confidently that it contains not a single 
pebble of the characteristic granite of the St. David’s ridge. The 
actual composition of the conglomerates will be best understood 
from the percentages taken by Mr. Peach on the west side, and by 
myself on the east side of the fold. 


Percentage of Stones in the Cambrian Conglomerates. 


West side of Isocline. 


East side of Isocline. 


Quartzite (often red)...... Bie) Quartzite (generally red)...... 59 
Quaattig cones. See eee 25 Quarta: \.os... 5 ncccccs cece 35 
IDE 0) <r ee ee Sana Eh Sake 4 Diabase 20. .c00. -..0ncs deen 4 
Grey wacko \j.0haceses Seu scese ot 1 Grey waeke .. 2.0.0. .....c eae 1 
Red Jasper. <..., 02. ..<aneceeeeeeee 1 

100 100 


Thus, of the component pebbles not less than about ninety-five 
per cent. are of quartzite or quartz. There are certainly no rocks 
visible in the district whence these pebbles could have been derived. 
On the other hand, the quartzite resembles the familiar material 
that forms so conspicuous a feature in the conglomerates and pebble- 
beds of all geological ages in this country, and the original source 
of which it is so difficult to fix. The only fragments of un- 
doubtedly local derivation are the few pieces of diabase. These came 
from some of the lavas in the volcanic series below. But such 
pebbles would naturally continue to be washed off any volcanic islets 
still rismg above the water, until the last mass of lava or consoli- 
dated tuff had disappeared. Their presence lends no support what- 
ever to the idea of unconformability. It is well known that similar 


the S.W. of St. David’s, is only three quarters of a mile broad. The visible 
portion of them cannot be thicker than 2000 feet, but is almost certainly 
less than that. The bottom, however, is not reached, so that they may attain a 
considerably greater thickness than can be actually seen. 

* His descriptions of the composition of the conglomerate have varied con- 
siderably from year to year. In 1871, in conjunction wtth Professor Harkness, 
he described it as “ composed chiefly of well-rounded masses of quartz imbedded 
in a purple matrix,” which is a sufficiently accurate diagnosis. In 1877 (Quart. 
Journ. Geol. Soe. vol. xxxiii. p. 238) he asserted that ‘the true Cambrian conglome- 
rates undoubtedly contain masses of the underlying rocks in their altered state,” 
the conglomerates themselves being unaltered. In 1878 (Q.J.G.S. vol. xxxiv. 
p. 162) he stated that they are largely made up of the “ Pebidian” rocks. And 
again, in 1881, ‘‘ the conglomerates at the base [of the Cambrian rocks] are very 
largely made up of rolled pebbles and rounded fragments identical with the 
[ Pebidian] rocks below” (Proc. Geol. Assoc. vol. vii. p.63). As there is a singular 
uniformity in the character of this conglomerate throughout the district, the 
variation in these lithological descriptions is remarkable. The first notice of 
this rock appears to have been that by Dela Beche, in the paper already cited, 
where he speaks of it as a “ quartzose conglomerate resembling one of Old Red 
Sandstone.” (Trans. Geol. Soc. ser. 2, vol. ii. p. 9.) . 


PRE-CAMBRIAN ROCKS OF ST. DAVID’S. 289 


fragments continue to appear in the conformable sedimentary deposits 
that overlie ancient volcanic rocks. The relation of the conglomerate 
to the rocks underneath is nowhere better seen than in the ex- 
cellent exposure of the band on the west side of the diabase crag at 
Rhosson. The conglomerate there rests almost immediately on the 
igneous rock, yet 95 per cent. of its pebbles are of quartzite and 
quartz, only 4 per cent. being diabase, and these derived from some 
different sheet than that immediately below *. 

As a part of the arguments from included fragments, reference 
may be made to Dr. Hicks’s statement that the volcanic group must 
have been much in its present lithological condition before a grain 
of the Cambrian rocks was deposited. The rocks of that group 
were called “ Altered Cambrian” on the Survey Map, doubtless 
because it was recognized that, whatever might have been their 
original condition, they had undergone considerable alteration. 
This altered condition is one of the first features of the rocks to 
arrest attention. It is not universal, indeed, and is by no means 
uniform, but in certain bands is so marked that the strata have 
passed into true silky schists with well-developed foliation. This 
alteration will be more fully dwelt upon in Part IT. 

Now, if it could be shown that the metamorphism stops short 
below the conglomerate, not affecting the beds above that horizon, I 
admit that the fact might be plausibly used to sustain an attempt 
to draw a strong line between the conglomerate and the rocks 
below it. But no such restriction exists. The shales far above 
the conglomerate have undergone as complete an alteration, and 
present examples of schists as perfectly foliated as those in the 
volcanic group beneath. Fine silvery and silky schists are interca- 
lated among grey and purple sandstones that overlie the quartz 
conglomerate in Porth-Seli, at the south end of W hitesand Bay, and 
at athe localities (see Part Epo LE) 

The facts now stated wouid be sufficient to disprove the assertion 
that there is any break in-the succession of deposits at the base of 
the conglomerate. But to complete the argument one further 
destructive fact remains to be noticed, viz. that the volcanic beds 
do not cease below the conglomerate, but are interstratified with it 
and appear above it. In proof of this statement I may refer to the 
sections on both sides of the fold where this perfect passage can be 
seen. On the shore of Ramsey Sound, at the headland of Castell, 
the red shales and sandstones with Lingulella primeva, which lie 
not far above the conglomerate, are banded with thin seams of 
sandy tuff, some of. the ‘shales being also full of diffused tuffaceous 
material, as if from shght discharsés of fine volcanic dust during the 
last stages of eruption in the district. 

Again, on the east side of the isocline in the valley of the river 
Allan, the interesting section shown in fig. 8 may be seen at the 
upper end of the first field north from the bridge near Lower Mill 


* This locality is referred to by Dr. Hicks (Q. J. G. 8. vol. xxxiii. p. 237, 
1877) as showing the unconformability of the conglomerate on the rocks below. 
I cannot conceive how such an assertion can have-been made. 
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Fig. 8. Section showing the Interstratification of Tuff and 
Conglomerate above Lower Mill, St. Davids. 
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The conglomerate, as there exposed, is regularly interstratified with 
tuff. The beds are vertical. On the left side of the little quarry as 
we enter it, layers of fine reddish tuff (a)* are succeeded by a band 
of quartz conglomerate (6) of the usual character. Parallel to this 
conglomerate comes a band, about six inches thick, of fine tuff (¢), 
followed by ashy sandstone (d), which graduates into conglome- 
rate (¢). No more complete evidence could be desired of the perfect 
inosculation of the conglomerate with the volcanic group. On the 
coast at Nun’s Chapel similar evidence presents itself. The con- 
glomerate there contains some thin seams of tuff, and is intercalated 
between a series of dull green agglomerates and tuffs and some 
greenish shales and sandstones with layers of tuff. 

There is evidence that though volcanic action became dormant (or 
at least exceedingly feeble) in the interval immediately succeeding 
that in which the conglomerate was laid down, it reappeared at a 
later part of the Cambrian period. Thus, about three miles east from 
St. David’s, on the road south from Felin-canot, near Whitchurch, 
beds of volcanic tuff may be seen overlying Cambrian grits. Again, 
in a deep valley (Cwm Mawr) between Pointz Castle and Newgale 
Bridge, on the coast, six miles east from St. David’s, a coarse 
voleanic tuff or agglomerate and ashy sandstone is interstratified in 
beds which must be high up in the Lower Cambrian formation, 
certainly far above any of the beds near St. David’s. This rock 
presents petrographical characters somewhat different from those of 
the tuffs in the voleanic group above described (see Part IJ.). These 
intercalations, which were noticed by Mr. Peach and myself as we 
passed the localities, show that occasional eruptions took place 
during the deposition of later stages of the Cambrian groups. A 
more exhaustive search of the whole region would doubtless bring 
to light other volcanic zones on different horizons, and enable us to 
connect the volcanic episode of St. David’s with that of the Lower 
Silurian period in North Pembrokeshire. 

It follows, from the facts now detailed, that the volcanic group of 


* Red tuff of precisely the same character conformably underlies the con- 
glomerate on the east side of the fold above Caerbwdy Mill. 
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strata named “ Pebidian” by Dr. Hicks passes regularly upwards 
into the fossiliferous Cambrian formations, from which it cannot be 
dissevered, and with which it must be classed. There is no more 
reason why a strong line should be drawn between the sedimentary 
and volcanic groups here than in any other part of the geological 
record of Great Britain. The intercalation of massive volcanic 
groups is well known in the Silurian, Old Red Sandstone, Carbo- 
niferous, and Permian systems. The Cambrian volcanic group of 
St. Dayid’s is in every respect comparable to one of these, but with 
an added interest from its high antiquity. It no more deserves to 
be ranked as a separate formation with a distinctive name than the 
thick group of tuffs and lavas in the Arenig Series of North Wales, 
or that in the Old Red Sandstone of Central Scotland. The term 
‘‘ Pebidian,” therefore, is unnecessary, and, having been assigned to 
a group of rocks erroneously believed to be Pre-Cambrian, ought to 
drop out of geological literature. 


5, ConcLusion. 


At the beginning of this paper I stated my readiness to concede 
that the maps of the Geological Survey, originally prepared thirty 
or forty years ago, may now stand in need of correction, and that 
in this spirit I went to St. David’s, being fully persuaded that, in 
regard to the map of that district in particular, very serious modi- 
fications would be required. As the result of my resurvey, I find 
that the true meaning of the volcanic group at the bottom of the 
Cambrian strata there exposed, though partly recognized in the first 
edition of the Map and Section, had heen subsequently lost sight of, 
these rocks having been erroneously renamed by the Survey “‘ Altered 
Cambrian ”’ with intrusive sheets of “ greenstone.” I have freely 
admitted this to be an important error. But it should be remem- 
bered that the error was made nearly thirty years ago. Such, 
meanwhile, has been the progress of petrography that a mistake of 
the kind could not have occurred had the map been surveyed during 
the last fifteen years. 

Again, were the area to be resurveyed now, we should not colour 
as one continuous belt of intrusive rock the long strip of country 
from the coast near St. David’s north-eastward to beyond Llan- 
howell. We should endeavour as far as possible to represent only 
‘those portions of eruptive rock which are actually visible, or 
unquestionably exist underneath the surface, leaving the intervening 
spaces on the map to be coloured with the tint used for the general 
stratified formation of each area. We should prefer to indicate in 
this way that there are detached dykes and bosses along a certain 
area of extravasation, rather than to mass the whole as one con- 
tinuous belt. But this would be, after all, a question of detail or 
style of mapping. ‘The officers of the Survey were certainly correct 
in regarding the crystalline rocks, which they named syenite and 
felstone, as intrusive through the Cambrian strata; and this is the 
main question in the present discussion. 
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In concluding this part of my paper, I am bound emphatically 
to declare that the map of the St. David’s district, as surveyed by 
De la Beche, Ramsay, and <Aveline, is in its essential features 
correct. Dr. Hicks has denied its accuracy, and has even gone 
so far as to assert that “* a very cursory examination ” suffices to 
show its errors. One would have thought that something more 
than a ‘“‘very cursory examination” would have been required 
to upset the mapping laboriously worked out by men who, from 
long years of training, had acquired an almost unrivalled skill in 
field-geology. At all events we might fairly have expected that, 
instead of merely declaring the map to be wrong, Dr. Hicks would 
take every care to show why, after prolonged consideration, he 
could not accept the conclusions of his predecessors. Their long 
years of geological experience, I venture to think, entitled their 
work, whether right or wrong, to more than a summary dismissal. 
But the same treatment which Dr. Hicks meted out to them in the 
St. David’s area, he has consistently continued in his subsequent 
excursions over Wales. Having apparently convinced himself—on 
what grounds I have endeavoured to show—that the rocks coloured 
on the Survey Maps as felstone or quartz porphyry must belong to 
his ‘‘Arvonian” group (that is to say, are not intrusive in the 
Cambrian or Lower Silurian strata, but prominences of Pre-Cambrian 
age), he has proceeded to apply this conviction to the Geological 
Survey maps all over Wales. With the most complete disregard of 
the evidence by which the officers of the Survey were led to regard 
certain rocks as intrusive, he simply turns the felstones, syenites, 
&c. into metamorphic and volcanic Pre-Cambrian masses*. I have 
deliberately restricted myself in this paper to the discussion of the 
St. David’s district ; and I therefore offer no opinion as to the validity 
of the Pre-Cambrian areas cited by Dr. Hicks in other parts of 
Wales. But Iam sure that geologists generally will support me 
when I contend that it is net by the ‘cursory examination” of 
wide areas that the country can be remapped. ‘This was not the 
style in which the Survey Maps were constructed ; nor is it the style 

* Tt will be a work of some labour to follow Dr. Hicks in his rapid tra- 
verses of Wales, with the view of testing his corrections of the work of 
his predecessors. Mr. Peach and I had time to visit a few of the areas he 
has renamed, and always with the same result. Thus, on the coast near 
Newgale, about eight miles east of St. David’s, he describes a mass of Pre- 
Cambrian beds, chiefly “‘felstones,” ‘flanked by Cambrian conglomerates con- 
taining pebbles identical with the rocks below” (Quart. Journ. Geol. Soc. vol. 
xxxiv. p. 160). All that we could find was an eruptive rock penetrating 
and altering black Cambrian shales. Again, he describes the quartz felsites of 
Roche Castle as belonging to his “ Arvonian” group (Quart. Journ. Geol. Soc. 
vol. xxxv. p. 286). If bedding exists inthis rock, I can see no reason why 
every eruptive rock should not be regarded as bedded, or why, on the same 
ground, several unconformable Pre-Cambrian formations might not be made 
out in any good-sized granite-quarry. It is interesting to remember that the 
true structure and intrusive character of the Trefgarn (Roche-Castle) rock were 
shown in 1836, by Murchison (ante, p. 263). . In the ‘Silurian System’ (p. 402), 
he says in reference to it that, “though offering no traces of true bedding, the 


compact felstone of Trefgarn is divided into rude prisms by two sets of planes 
or vertical and horizontal joints giving rise to square-topped masses like ruins.” 
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in which they should be corrected. The intrusive character and 
comparatively late origin of the eruptive rocks were deliberately 
asserted by my colleagues after prolonged examination. Had this 
view been erroneous, it ought to have been disproved by a detailed 
review of the evidence on which it was based. I have gone fully into 
the assertions made by Dr. Hicks himself in regard to the area of St. 
David’s, and have proved them to be untenable. If this is the result 
of the critical examination of his typical Pre-Cambrian district, over 
which he has spent most time, I can hardly anticipate that his 
more rapid traverses elsewhere will, when properly tested, be found 
to have been more successful. 


é 


Part II. 


Apart from the controversy as to their position in geological 
chronology, the rocks ot St. David’s present features of interest and 
importance not only in the paleozoic history of britain, but in regard 
to general theoretical questions. They include, for example, perhaps 
the oldest group of lavas and tuffs the relative date of which is known. 
They have been subjected to a process of metamorphism which has 
affected only certain beds or kinds of rock. They have been pene- 
trated by masses of granite and quartz porphyry, round which 
another kind of metamorphism has been manifested. At a later 
_ period they have been injected with diabase dykes, which are 
specially abundant in the central boss of granite. Evidently, there- 
fore, they offer much material for study, and especially in regard to 
the two great geological problems of vulcanism and metamorphism. 
Though my original design included no more than the examination 
necessary to satisfy me regarding the disputed questions of the 
geological age and structure of the St. David’s district, it naturally 
led to many observations of more than merely local interest. As 
contributions towards a more exhaustive memoir, it may be useful 
to collect these observations made in the field with my colleague 
Mr. Peach, and subsequently extended with Mr. Topley. I shall 
embody with them the conclusions to which subsequent reflection 
on the subject has led me. One of the most laborious parts of the 
research has been the microscopic investigation of the rocks collected 
by us at St. David’s. I have studied upwards of one hundred slices 
of these rocks prepared for the microscope, and have had a large 
additional number cut from rocks of other regions for the purpose of 
comparison*, ‘The results of the study are included in the following 
pages. It is gratifying to be able to state at the outset that, in so far 
as investigations among the rocks of St. David’s have been published, 
I can confirm generally the descriptions given of the microscopic 
structure of these rocks by Professors Bonney and Judd, Mr. Davies 
and Mr. Tawney. But of the larger number of the rocks no account, 
as far as | am aware, has yet been given. I am also glad to record 
that the examination of the microscopic structure of the rocks af- 


* These slices were prepared, in the petrological laboratories of the Geological 
Survey in London and Edinburgh, by A. Macconochie, R. Lunn, and J. Rhodes. 
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fords the most complete confirmation of the results obtained by us 
in our observations in the field. 


1. OrpER oF Succession oF THE Rocks. 


The extent of the coast-sections, and the repetition of the strata 
on two sides of an axis of plication, combine to furnish the most 
satisfactory data for compiling a vertical table of the rocks. But 
the base of the whole series is not seen. As the line of fold seems 
to be dying out towards the south-west, it probably for a time brings 
up progressively lower beds as it is traced inland in the opposite 
direction, until it flattens out and disappears. The oldest rocks 
visible to the west and south-west of St. David’s belong to the inter- 
esting volcanic group referred to in preceding pages. From these 
a continuous passage can be traced upwards into the purple, grey, 
and green sandstones and shales from which Dr. Hicks has obtained 
so abundant a Lower Cambrian fauna. The following groups of strata, 
from their easily recognizable lithological characters, may be taken 
as a convenient series for enabling the observer to trace out the 
general geological structure of the district. 


Groups of Lower Cambrian (Harlech) strata at St. David's, 
im descending order. 


4. Purple and greenish grits, sandstones, and shales. 

3. Green and red shales and sandstones, tuffaceous in parts. 
2. Quartz conglomerate. 

1. Volcanic group (tuffs, schists, lavas, &c.). 


1. Volcanic Group. 


The rocks comprised in this group present so many points of 
interest that they deserve, and would well reward, a much more de- 
tailed study than I have had an opportunity of giving to them. 
They are the oldest visible portions of the Cambrian system in 
the St. David’s district. They consist almost wholly of volcanic 
materials, consolidated tuffs and breccias with ‘contemporaneously 
erupted and subsequently intruded massive rocks. They are exposed 
in so many sections, and so continuously, both along the shore-cliffs 
and inland, that their succession and structure could be worked 
out with little difficulty. If not the oldest group of truly volcanic 
masses in Western Europe, they (and their equivalents in other 
parts of Wales) are, as I have said, at least the oldest of which the 
precise stratigraphical place in the geological record is known. 
They thus furnish important evidence to the student of the history of 
volcanic action. 

In my examination of these rocks in the field, I was especially 
struck by their general resemblance to volcanic masses of later 
Paleozoic date. Many of the lavas and tufts are in outward charac- 
ters quite undistinguishable from those of the Lower Old Red Sand- 
stone and Carboniferous systems of Central Scotland. So many points 
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of detail may be observed to be common to the rocks of the two areas 
as to indicate that volcanic phenomena must have recurred under 
much the same conditions throughout Paleeozoic time in the British 
area, 

The visible thickness of the volcanic group in the St. Dayid’s district 
appears to be about eighteen hundred feet; but as its base is not 
brought up to the surface, the total amount may be greater. A 
continuous section of the rocks is exposed on the sea-cliff between 
Ogfeydd-duon on Ramsey Sound and the east side of Porth-lisky. 
This section repeats the members of the group on each side of the 
isocline, the axis of which must cut the coast-line somewhere be- 
tween Pen-maen-melyn and Pen-y-foel. I had not time to attempt 
a detailed examination of the successive members of the group as 
exhibited in this section ; but the main subdivisions appeared to me 
to be as follows, in descending order :-— 

4, Fine tuffs and silky schists (occasional breccias and agglom- 
erates), seen at Porth-lisky and Nun’s Chapel on the east side, and 
at Ogfeydd-duon on the west side of the fold. At the latter locality 
only the upper beds are well exposed. 

3. Diabase sheets with intruded quartz porphyry and hardened 
tuffs, Pen-maen-melyn, Pen-y-foel. The lavas are considerably 
thicker on the west side. 

2. Compact green granular tuff. Inland from old copper-mine at 
Pen-maen-melyn, and near Pen-y-foel. 

1. Thick purplish-red green-flecked tuff, with abundant small 
lapilli of felsite. This conspicuous rock, in many successive and 
somewhat variable beds, extends nearly the whole way between the 
headland at Pen-maen-melyn and Pen-y-foel. It dips at high 
angles towards the N.W., and shows intercalated shaly bands. It 
must ocenpy the centre of the fold; so that the south-eastern dips 
are inverted ones, and the rocks on that side area repetition of what 
is seen on the north-western side of the axis. 

From this merely tentative stratigraphical arrangement it is 
evident how large a proportion of the whole mass of the volcanic 
group consists of tuffs. 

Tuffs.—These predominant members of the group present many 
varieties of colour, from dark purple, through tints of brick-red and 
lilac, to pale pink, yellow, and creamy white, but not unfrequently 
assume various shades of dull green. They vary likewise in texture 
from somewhat coarse breccias or agglomerates, through many grada- 
tions, into fine silky schists in which the tuffaceous character is almost 
lost. Generally they are distinctly granular, presenting to the naked 
eye abundant angular and subangular lapilli, among which broken 
crystals of a white, somewhat kaolinized, felspar and fragments of 
fine-grained felsite are often conspicuous. Examination on the 
ground suggested that the greater part of the tuffs has been derived 
from the explosion of basic rocks similar in character to the diabases 
now found associated with them. ‘’his appeared to me to be particu- 
larly the case with the purple, red, and dark-green varieties, which 
constitute so large a proportion of the whole. On the other hand, 
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I was inclined to regard the paler varieties, both in the form of fine 
tuffs and of breccias, as having probably resulted mainly from the 
destruction of more siliceous lavas, probably of fine-grained felsites 
or other acid rocks. These inferences in the field have now been 
confirmed by chemical analysis and microscopic examination. 

That many of the tuffs are due to the destruction of diabase lavas 
may be surmised from their close general external resemblance to 
these rocks, and from the way in which they are associated with the 
contemporaneous sheets of diabase. Some of the dull dark-purple 
tuffs below the crag of Rhosson, and again to the north of Clegyr 
Foig, might almost at first sight be mistaken for truly eruptive rocks. 
Typical specimens taken from different parts of the district were 
analyzed for me by my colleague, Mr. J. 8. Grant Wilson, in the 
laboratory of the Geological Survey, Edinburgh, and by my friend 
M. Renard, of the Royal Museum, Brussels, with the following 
results. 


Analysis of Basie Tuffs from the St. David's District. 


I. Purplish-red shaly tuff from below the olivine-diabase crag, 
Rhosson. (Analyzed by Mr. Wilson.) 

II. Dull purple and green tuff from the lowest group of tuffs 
between Pen-maen-melyn and Pen-y-foel. (Analyzed by Mr. 
Wilson.) 

III. Greenish, shaly, finely granular tuff from the road-side, north 
of Board Schools, St. David’s. (Analyzed by M. Renard.) This 
specimen was chosen as one of the intermediate varieties between 
the basic and acid types; and the position thus assigned to it is 
confirmed by the analysis. 


ib IDI To 

RULER Hes oatcce ss naesatme Onsen cx a acm ena tomers 51-25 43°11 61:54 
Alumina’ soe: A Siveienoee vesKeceeesors ar 20°41 13°30 16:30 
Hervic Oxi 6.5). ks vg eeeeae tetera 3.02 3°70 4:40 
I GrnoOus OxLd Or, 10...) 12: bn sanganensbienece= os 3°91 8:10 - 3°66 
MBP ANOUSIONIGC 0... cnt acsccee nach edenest 0:21 1-43 0:32 
TWO Feros. hap neean ce erwusioq sagt ee sents menes 4:53 8:48 3°08 
Maipmestas, sasexts chase ops ctes cuca tokens 7:22 9°51 2°99 
(Poteisiah. \ 6: ola in tacecunerendddeceoecesels wate 2°93 1-57 1-62 
SOGe Frese camara e sy atgaaieeeesens fades eae 1:82 1-96 2°81 
Loss on ignition and water .............. 5:02 4-21 2°99 
100°32 100°37 99°71 

Npecilic eravibys.t ys. .cearcses 2°84 2°92 


Comparing the composition of Nos. I. and II. of these analyses 
with those of the diabases given on p. 303, we readily perceive how 
the tuffs might have been derived from lavas like those of Rhosson 
and Clegyr Foig. The differences between them are not greater than 
might be expected, if such were the source of the tuffs. There 
would be a partial decomposition of the volcanic dust and lapilli by 
the water into which they fell; and there might also be an inter- 
mingling with the ordinary non-volcanic sediment that happened to 
be in course of transit and deposit in the locality at the time of the 
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eruption. No. III. shows a considerably larger ratio of silica, as 
was inferred on the ground from its macroscopic characters. It has 
probably resulted from the admixture of a proportion of felsite de- 
tritus with the predominant more basic materials; and it may also 
have undergone some amount of decomposition before being covered 
up and compressed into stone. 

The occurrence of such basic tufts in rocks of so high an anti- 
quity is a fact of great interest in the study of the history of volcanic 
action. But it is further deserving of attention that in the midst of 
these tuffs there are others of a thoroughly acid character. That 
felsitic lavas were present in the eruptive vents of the period is shown 
by the scattered felsitic lapilli in some of the dark-red basic tuffs, and 
by their abundance in the paler varieties. Even to the naked eye 
some of the green, white, and yellowish tuffs are obviously composed 
in large measure of felsitic detritus. I have been favoured by 
M. Renard and Mr. Wilson with the following analyses of typical 
specimens, 


Analyses of Felsitic Tuffs from the St. David’s District. 


IV. Greenish felsitic breccia, Clegyr Hill (Mr. Wilson). This 
rock is composed of angular fragments of various felsites imbedded 
in a greenish base. 

V. Grey granular felsitic tuff: the last bed visible, north of the 
bridge, over the Allan river, north from the Schools, St. David’s 
(Mr. Wilson). 

VI. Pale pinkish-white, finely schistose tuff, a characteristic 
sample of the “ Porth-lisky schists” (M. Renard). 
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I have had a series of thin slices made from characteristic speci- 
mens of the tuffs, taken from all parts of the group. It is one of 
the most interesting series of volcanic rocks I have ever had an 
opportunity of studying. Some of the more important details may 
here be given. 

Many varieties of texture can be traced, from large-grained brec- 
cias like that of Clegyr Hill to fine schistose mudstones or sericitic 
schists like those of Porth-lisky. One of the most remarkable tufts 
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is that already referred to (p. 295) as No. 2 in the series of the 
volcanic group. A specimen, taken from near Pen-y-foel, is exter- 
nally dirty-green, compact, and tolerably homogeneous, but presenting 
distinct evidence of its clastic character (Plate IX. fig. 1). Under 
the microscope it is found to be composed mainly of lapilli of a rock 
somewhat different from any other which I have met with either 
in the tuffs or among the interbedded or intrusive sheets. This 
rock is marked by the abundance and freshness of its plagioclase 
(an unusual feature in the volcanic group of St. David's); by the large, 
well-defined crystals (one of which measured 0:022 inch by 0:0125 
inch) of augite; by large crystals replaced by viridite, but having 
the external form of olivine; by the absence or scantiness of any 
base or ground-mass; and, in many of the lapilli, by the abundance 
of spherical cells, either empty or filled up as amygdules with decom- 
position-products. These spherical vapour-vesicles, so characteristic 
of the lapilli in many Paleozoic volcanic vents, were found in one 
fragment, where they were particularly abundant, to range from a 
minimum of 0:0008 inch to a maximum of 0:0088 inch, with a mean 
of about 00018 (Plate IX. fig. 2). The rock from which these 
lapilli have been derived comes nearest to one of the diabases from 
the same part of the district (which will afterwards be referred to), 
but shows a closer approach to the basaJt rocks. 

Another interesting tuff is that of which the analysis (No. II.) has 
already been given. It occurs not far from the horizon of the rock 
just described. Under a low power it is seen to be composed 
mainly of fragments of diabase like the rocks of Rhosson and 
Clegyr Foig. These fragments are subangular, or irregular in 
shape, and vary considerably in size. They are sometimes finely 
cellular—the cavities, as in the rock just described, being spherical. 
The plagioclase crystals in the diabase lapilli are everywhere con- 
spicuous ; so also is the augite, which occurs in larger forms than in 
the rock of Rhosson or Clegyr Foig. Next in abundance to these basic 
fragments are rounded or subangular pieces of felsite. These weather 
out in conspicuous grey rough projections on the exposed face of the 
rock; under the microscope they are seen to consist of fine granular 
felsite, which shows a ground-mass remaining dark between crossed 
nicols, but with luminous points and filaments, and an occasional sphe- 
rulite giving the usual cross in polarized light. Lapilliof an older tuff 
may here and there be detected. A few angular and subangular 
grains of quartz are scattered through the rock. The lapilli appear 
to be bound together by a finely granular dirty-green substance. 
The presence of the quartz grains and of the felsite lapilli must 
raise the proportion of silica, which no doubt, but for these admix- 
tures, would have been a good deal less than 48°11 per cent., the 
amount determined by Mr. Wilson’s analysis. 

As a type of the felsitic tuffs, I may refer to the rock already 
described as No. V. of the foregoing analyses. Itis composed mainly 
of fragments of various felsites, many of which show good fluxion- 
structure. Large, and usually broken, crystals of orthoclase are 
dispersed among the other ingredients. Here and there a fragment 


PRE-CAMBRIAN ROCKS OF SI. DAVID’S. 299 


of ‘diabave may be detected ; but I could find no trace of pieces of the 
peculiar micro-crystalline spherulitic quartz porphyries of St. David’s. 
There is but little that could be called matrix cementing the lapilli 
together. The presence of fragments of diabase may possibly reduce 
the proportion of silica and increase that of magnesia, as compared 
with what would otherwise have been present in the rock. 

Some of the tuffs appear to have been a kind of volcanic mud. ‘A 
specimen of this nature collected from the road-side section, north 
of the Board School, presents a finely granular paste enclosing 
abundant angular and subangular lapilli of diabase, a smaller pro- 
portion of felsite (sometimes displaying perfect fluxion-structure), 
broken plagioclase crystals, and a greenish micaceous mineral which 
has been subsequently developed out of the matrix between the 
lapilli. 

Though they lie above the main volcanic group, I may refer here 
to the thin bands of tuff at Castell, of which, from their interest in 
relation to the true Cambrian age of the volcanic group, I have had a 
number of slices made for microscopic investigation (Plate IX. fig. 3). 
They are not quite so fresh as the tuff that occurs in thicker masses ; 
but their volcanic origin is readily observable. One band appears 
to be made up of the débris of some basic rock like the diabase of 
the district, through which detached plagioclase crystals are scattered. 
The lapilli are subangular; and around their border a granular deposit 
of hematite has taken place, giving a red colour to the rock. 
Another band presents small angular lapilli, almost entirely composed 
of a substance which to the naked eye, or with alens, is dull, white, 
and clay-like, easily scratched, and slightly unctuous to the touch. 
Under the microscope, with a low power, it becomes pale greyish 
green and transparent, and is seen to consist in large part of altered 
felspar crystals, partially kaolinized and partially changed into 
white mica and calcite. These scattered crystals are true volcanic 
lapilli, and have not been derived from the mechanical waste of 
any preexisting volcanic rock. In the tufts interstratified with the 
conglomerate, at the quarry above Porth-clais, though mtich decom- 
posed, crystals of plagioclase can likewise still be traced. These beds 
are also true tuffs, and not mere detritus due to mechanical degra- 
dation. 

The general result of this study of the microscopic structure of 
the tuffs may be briefly summed up as follows :— 

1. They are almost wholly composed of fragments of eruptive 
rocks, sometimes rounded, but usually angular or subangular. In 
the more granular varieties very little matrix is present; it con- 
sists of fine débris of the same materials. No detached microliths 
occur, such as are common among modern volcanic ashes; but there 
are abundant ejected crystals. In these respects the Cambrian tufts 
are quite like those of the other Paleozoic systems. A mingling 
of grains of quartz-sand may indicate the intermixture of ordinary 
with volcanic sediment. 

2. They may be divided into two groups—one composed mainly 
of fragments of diabase or other similar basic rocks, the other of 
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felsite. The former group may have been derived from the explo- 
sion of such rocks as the diabase-sheets of the district. The felsitic 
tufts have not been observed to contain any fragments of the micro- 
crystalline quartz porphyries of St. David’s. They have been 
derived from true fine-grained felsites. There are various inter- 


mediate varieties, due to the mingling in various proportions of the 


two kinds of débris. 
3. They are marked by the presence of some characteristic fea- 


tures of the volcanic vents of later Paleozoic time, and in particular by | 


presenting the following peculiarities :—(a@) minutely cellular lapilli 
with spherical cells; (6) lapilli with well-developed fluxion struc- 
ture ; (c) lapilli consisting of a pale green serpentinous substance 
resembling altered palagonite ; (d) lapilli derived from the destruc- 
tion of older tuffs; and (e) lapilli consisting of ejected crystals, 
especially of felspars, sometimes entire, frequently broken. 

4, They frequently show that they have undergone metamor- 
phism, by the development of a pale greenish micaceous mineral 
between the lapilli, the change advancing until the fine tuffs occa- 
sionally pass into fine silky hydromica schists. ‘To this metamor- 
phism further reference will be made in the sequel. 

I was unable to observe any evidence that the basic and siliceous 
tuffs characterize two distinct periods of vulcanicity. From the 
foregoing analyses it appears that some of the oldest visible tuffs 
which are seen between Pen-maen-melyn and Pen-y-foel contain 
only 48-11 per cent of silica; a specimen from Porth-lisky yielded 
72°63 per cent. of that ingredient. Specimens taken even from 
adjacent beds show great differences in the percentage of silica, as 
may be seen in the analyses Nos. III. and VY. 

This alternation of basic and siliceous fragmental materials has 
its parallel in the neighbouring eruptive rocks, some of which are 
olivine diabases containing only 45 per cent. of silica, while others are 
highly siliceous quartz porphyries. But all the siliceous eruptive 
rocks, so far as | have been able to discover, are intrusive, and 
belong, I believe, to a much later period than that of the volcanic 
group; in no single instance did they appear to me to be true 
superficial lava-flows. On the other hand, the basic eruptive rocks 
occur both as contemporaneous sheets and as intrusive masses. The 
presence of both siliceous and basic lavas in the Cambrian volcanic 
reservoirs, however, is, proved by the character of the tuffs. It 
would appear that while the basic lavas were most abundant during 
the voleanic period recorded by the rocks of St. David’s, furnishing 
the material for most of the fragmental eruptions, and pouring out 
at the surface in streams of molten rock, the siliceous lavas did not 
flow forth at the surface, but were copiously discharged in the 
form of dust and lapilli. 

The rise of both basic and acid lavas at different periods in the 
same or adjoining vents, so familiar in recent volcanic phenomena, 
thus appears to have also characterized some of the oldest examples 
of volcanic action. An interesting parallel may be traced between 
the succession of events at St, David’s and that which has occurred 
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in the volcanic group.of the Lower Old Red Sandstone of the Pentland 
Hills, near Edinburgh. In the latter area the volcanic accumula- 
tions attain a depth of more than 5000 feet, and are composed of 
successive sheets of basic lavas, with alternations of felsitic tuffs, in 
which the proportion of silica ranges between 60 and 70 per cent. 
Intrusive veins of felsite intersect these tuffs and porphyrites ; but no 
case has there been observed of any such rock having been poured 
out as a superficial lava-stream. 

Though the volcanic group of St. David’s consists almost wholly 
of volcanic materials, the tuffs contain evidence that ordinary sedi- 
mentation was not entirely interrupted by the volcanic discharges. 
Thus, in the Allan valley, west from the Cathedral, one of the 
schistose tuffs is full of well-rounded pebbles of white quartz. 
Occasional shaly bands indicate the deposit of mud with the tufts. 

Seams of pale silky schist occur among the tuffs, similar in texture 
and composition to bands that lie on various horizons among the 
Cambrian sandstones and shales. These may originally have been 
dne voleanic dust or mud. One of the most prevalent features, 
indeed, among the finer varieties of tuff is the development in them 
of a fine foliation, whereby they pass into silky schists, and might 
be classed with the sericite schists of metamorphic districts. This 
structure will be described in connexion with the later changes 
which the rocks of the district have undergone. 

Uppermost Zone of Schists, Shales, Siliceous Bands (Adinole, Kiesel- - 
schiefer.—In the first part of this paper (p. 279) reference has been 
made to a remarkable band of strata lying between the volcanic group 
and the quartz conglomerate, and serving, from its peculiar lithological 
characters, aS a convenient, because easily recognizable, horizon for 
tracing out the structure of the district. It must be considered as 
part of the volcanic group, but with an admixture of non-volcanic 
sedimentary material. It probably indicates the resumption of 
ordinary sedimentation as volcanic action became gradually feebler. 

The component rocks of this zone are fine tuffs, passing, on the 
one hand, into fine grey shales, and, on the other, into pale schists. 
but occasionally including bands of coarser tuff, seams of quartzose 
sandstone or quartzite, and abundant siliceous aggregations. 

The schists are exceedingly fine, silvery, hydromica schists, 
unctuous to the touch. They pass into fine tuffs and into shale; 
indeed, they must be regarded as a metamorphosed condition of 
beds that were originally fine tuffs and shales. They vary very 
much in their power of resisting disintegration, some portions 
standing their ground well, as in Ramsey Sound, other parts decay- 
ing into a soft, white, or yellow clay, as at Porth-lisky. 

One of the most conspicuous features of this zone in the St. 
David’s district is the remarkable abundance of its siliceous aggre- 
gations. The material of which these consist varies considerably 
in colour, texture, structure, and composition. In some instances 
it occurs in bands having a finely granular texture like beds of 
altered shale; in others the bands are flinty and translucent. It 
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may be observed also in detached nodules and in strings and veins 
crossing the bedding of the strata. 

To this substance various names might be given, according to the 
varying circumstances under which itis found. Much of it might 
be classed with the “siliceous schist’’ or “ Kieselschiefer ” of the 
older petrographers ; some of it assumes the characters of the ‘‘ Horn- 
schiefer ” found in areas of contact-metamorphism. In other places 
it resembles the eurites or hiilleflintas of regional metamorphic 
areas. Occasionally it becomes almost sufficiently flinty and trans- 
lucent to deserve the name of chert. From the analysis kindly 
made of it for me by M. Renard, some portions answer exactly to 
Beudant’s ‘“ adinole”—a term which has been revived by German 
petrographers. It is obviously not a definite chemical compound, 
nor has it any uniform microscopic structure. It includes the 
‘« halleflintas ” of Dr. Hicks. 

To what extent the silica of these aggregations is due to ori- 
ginal deposition, is a problem to which I shall recur in the sequel. 
From the fact that the cherty material ramifies in veins across the 
bedding, its introduction must certainly, to some extent at least, 
be later than the deposition of the shales and tuffs which it traverses. 
I shall be able to show, indeed, when describing it more fully in a 
later part of this paper, that its appearance has certainly been, in 
some cases, later than that of the quartz porphyries, and that its 
production has been connected with the general process of extru- 
sion of the highly silicated rocks of the granite tract. 

Lavas of the Volcanic Group.—There remain for notice here the 
sheets of eruptive rocks that occur among the tuffs. Excluding the 
granites and porphyries (to which a special section of this paper will 
be devoted), two kinds of eruptive rocks are associated with the 
volcanic zone. One of these is certainly intrusive and of late date, 
viz. dykes and veins of diabase, which will be described in later 
pages. The other kind occurs in long parallel sheets, some of 
which, if not all, are true contemporaneous lava-streams, erupted at 
intervals during the accumulation of the volcanic group. They 
form prominent crags to the west of St. David’s, such as Clegyr 
Foig, Rhosson, and the rocky ground rising from the eastern shores 
of Ramsey Sound. Their dip and strike coincide with those of the 
tuffs above and below them. It is possible that some of these 
sheets may be intrusive along the bedding of the tuffs; and in one 
or two cases I observed indications of what, on further and more 
careful exploration, may prove to be disruption across the bedding. 

But it is the interbedded sheets that possess the chief interest as 
superficial lava-streams of such venerable antiquity. They present 
many of the ordinary features of true lava-flows. In particular a 
slaggy structure may be detected at the bottom of a sheet, the 
vesicles being here and there lengthened in the direction of flow. 
Some of the sheets are in part amygdaloidal. The alternation of 
these sheets with tuffs, evidently derived from lavas of similar cha- 
racter, is another argument in favour of their contemporaneous 
date. One of the best localities for studying these features lies 
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between Clegyr Foig and the coast, west of Rhosson, where the 
following section may be observed. 

The eruptive rocks thicken towards the south-west, as if the main 
vents had lain in that direction. There are doubtless intrusive as 
well as contemporaneously interbedded masses in the rough ground 
between Pen-maen-melyn and Treginnis. To separate these out 
would be a most interesting and beautiful piece of mapping for any 
competent geologist in possession of a good map on a sufficiently 
large scale. 

The interbedded lavas, so far as ‘I have had an opportunity of 
studying them, appear to present remarkable uniformity of petro- 
graphical characters. Macroscopically they are dull, fine-grained to 
compact, sparingly porphyritic, ranging in colour from an epidote- 
green to dull blackish-green and dark chocolate-brown. Some of 
them are finely porphyritic from the presence of small glistening 
surfaces which present the colour and metallic lustre of hematite 
and yield its characteristic streak. Obviously basic rocks, they pre- 
sent, as I have said, a close resemblance to many of the porphyrites 
of the Lower Old Red Sandstone and Carboniferous districts of 
Scotland. So marked is this likeness that Mr. Peach and I at once 
classed them as porphyrites, so far as their characters could be 
judged of in the field. Subsequent microscopic study of them, while 
showing that the resemblance descends even to minute details, has 
brought to ight some features that are seldom seen in the Scottish 
examples, and has led me to class these rocks with the diabases. 

Two of the most conspicuous rocks of this class in the district, 
those of Rhosson and Clegyr Foig, have been analyzed by Mr. Wilson, 
with the following results. 


Analyses of Diabases from St. David’s by Mr. J. S. Grant Wilson. 
Rhosson. Clegyr Foig. 
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The strikingly basic composition of the rocks is well brought out 
by these analyses. It may be difficult at first to believe that the 
specimens were not taken from some modern basalts. That the lavas 


304 _ A, GEIKIE ON THE SUPPOSED 


of the Cambrian period possessed such a composition, however, is put 
beyond question by the analyses of the basic tuffs already given ; so 
that it is not necessary to endeavour to discover a late and intrusive 
origin for the sheets of Rhosson and Clegyr Foig. 

I have examined under the microscope thin slices taken from the 
rock at both the localities just named, also from the crag south of 
Castell, and from the cliffs at the southern end of the promontory 
between Ramsey Sound and Pen-y-foel (Plate IX. fig. 4). In all of 
these the general composition is alike. There is a variable quantity 
of a base, which under a + objective is resolved into ill-defined coales- 
cent globulites and fibre-like bodies, which remain dark when rotated 
between crossed nicols. In some varieties, as in part of Rhosson 
Crag, the base is nearly lostin the crowd of crystalline constituents ; 
in others, as in the crag south of Castell, it forms a large part of 
the whole mass, and may be seen in distinct spaces free from any 
crystalline particles. Through this base are diffused, in vast num- 
bers, irregularly shaped grains of augite, seldom showing crys- 
talline faces with measurable interfacial angles. These grains, 
or granules, may perhaps average about 0:003 inch in diameter. 
Plagioclase is generally hardly to be recognized, though here and 
there a crystal with characteristic twinning may be detected in the 
base. Magnetite occurs abundantly—its minute octahedra, with 
their peculiar colour and lustre, being apparent with reflected light 
on the fresher specimens, though apt to be lost as diffused ferrugi- 
nous blotches in the more decomposed varieties. But perhaps the 
most remarkable ingredient is olivine. I have referred to the red 
heematitic crystals which, even to the naked eye, are visible, dispersed 
through the ground-mass of these rocks. With a lens these may be 
observed to be orthorhombic in form and to be evidently pseudo- 
morphs after some mineral which has been converted chiefly into 
hematite. I have often noticed red pseudomorphs (ferrite, as they 
have been called) in Carboniferous and Old Red Sandstone porphy- 
rites, where in some cases they appear to be after hornblende, and 
in others after augite, but occasionally are suggestive of olivine, 
though with no trace of the original substance of that mineral. In 
the lava associated with the tuffs at the south end of the promontory 
between Ramsey Sound and Pen-y-foel, however, I find some large, 
well-developed pseudomorphs, which are certainly after olivine. They 
have the characteristic contour of that mineral and its peculiar 
transverse curved and irregular fractures. The average length of 
these pseudomorphs was found, from the measurement of six examples, 
to be 0-023 inch, the largest being 0°034, and the smallest 0:014. 
Seen by transmitted light they present a structureless pale-green 
material nearly inert in polarized light, round the borders and 
across fissures in which an opaque substance has been developed, as 
serpentine has been in the familiar alteration of olivine. The pale- 
green matter may be the result of a first alteration, subsequently 
replaced along the borders and across the fissures by the dark 
substance. With reflected light the latter is found to be bright brick- 
red. It is evidently chiefly hematite. Every stage may be traced, 
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from orthorhombic forms with the incipient development of trans- 
verse fissures filled with hematite, to others of distorted shapes in 
which the ferruginous matter occupies the whole or nearly the whole 
of the mould of the original crystal. 

The rocks now described differ from the Paleozoic porphyrites 
with which I am acquainted in the less abundance of their micro- 
scopic base, in the comparatively inconspicuous development of fel- 
spars, and the absence of large porphyritic felspars, in the extra- 
ordinary prominence of the augite, and in the presence of olivine. 
In composition and structure they are essentially forms of olivine 
diabase. 

I cannot pretend at present to offer more than a mere outline- 
sketch of the petrography of the Cambrian volcanic group of St. 
David’s; but from the data here brought forward it will, I think, 
be apparent that the rocks of that group possess exceptional interest 
from the extraordinary combination of modern types of structure 
with so remote an antiquity. 


2. The Quartz Conglomerate. 


The lithological characters of this band and its stratigraphical rela- 
tions to the beds beneath it have been sufficiently described in Part I. 
(p. 286). It is essentially a mass of rolled pebbles of quartzite and 
quartz, embedded in a reddish ferruginous and quartzose matrix. 
The pebbles vary up to occasional blocks as large as a man’s head or 
larger ; but their average size is probably less than that of a walnut. 
The conglomerate band continues as a persistent and easily recog- 
nizable horizon through the St. David's district, but presents notice- 
able variations in thickness and in coarseness of materials. The 
pebbly beds are lenticular, rapidly wedging out and passing into 
fine grit and sandstone. In some places the total thickness of the 
band dwindles down to possibly not more than two or three feet ; 
in others, as on the south-east of St. David’s, it swells out to 
more than one hundred feet. I have alluded in the first part of 
this paper to the perfeet conformability of the conglomerate with 
the top of the volcanic group, and to the intercalation of bands 
of tuff in it (fig. 8,p. 290). These facts prove that no abrupt break 
can be traced between the volcanic group and the conglomerate. I 
have also referred to the presence of occasional seams of rolled quartz 
pebbles in the tuffs, as indicating that the conditions of deposit to 
which the conglomerate was due had begun to appear even during 
the volcanic period. It is obvious, however, that the intercalation 
of the marked band of quartz conglomerate points to an important 
change in the sedimentation of the time. It suggests some inter- 
esting questions of general interest, to which reference may here be 
made. 

There can be no doubt that conglomerates frequently mark the 
natural base of a series of sedimentary deposits. They do so more 
especially where they are formed of materials that have had an 
obviously local origin, and where they rest unconformably on the 
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rocks below, from the waste of which they may have been mainly 
derived. In such cases they must be regarded as littoral deposits ; 
and in this respect they possess importance from the light they 
throw on former geographical conditions. But it is equally certain 
that pebble-beds and conglomerates have again and again been 
intercalated, without discordance of any kind, in the midst of a 
continuous and strictly conformable series of sandy and even of 
muddy and calcareous deposits, often marked throughout by a com- 
munity of fossil contents. In such positions they may possess local 
value as stratigraphical horizons, but they evidently cannot be re- 
garded as marking important geological breaks in the succession 
either of formations or of organic remains. Under these conditions 
they present certain common features that recur over and over again 
throughout the stratified formations of the earth’s crust. Unlike 
the basal conglomerates just referred to, they are composed of well 
waterworn pebbles, for the most part comparatively small in size, 
derived from some distant and, in many cases, unknown source, and 
consisting usually of quartz, quartzite, or other exceptionally durable 
rocks. 

These features are characteristically displayed in the conglomerate 
of St. David’s, which is the earliest of the British examples yet 
known. A long list of similar intercalated pebbly bands might be 
drawn up from all the later geological systems down to the shingle 
beds of the present sea-bottom ; but a few examples may be cited in 
illustration *. 

The Lower Silurian rocks of Anglesey contain bands of conglom- 
erate made up of pebbles of quartzite, sometimes from 6 to 8 inches 
in diameter, and mostly well roundedy+. Conglomerates of quartz 
and black slate occur high up in the Skiddaw Slatest. Conglom- 
erate bands of white quartzite and vein-quartz occur in the “ Plyn- 
limmon Group ” of Central Wales §. 

In the Old Red Sandstone, bands of quartz conglomerate appear 
on many different horizons. One of the most striking examples is 
the coarse and thick mass that comes in conformably above the fine 
Ludlow shales and mudstones of Lanark and Ayrshire. 

In the Carboniferous system lines of quartz conglomerate occur 
on many platforms. The Carboniferous Limestone contains excellent 
examples in the north of England, hundreds of feet above the base 
of the formation. The Millstone Grit affords a familiar illustration ; 
and occasional instances occur in the Coal-measures. 

The Bunter pebble-beds, composed of white and liver-coloured 
quartz, are notable examples of the occurrence of conformable con- 
glomerates in a continuous series of sediments, with occasional 


* T am indebted to Mr. W. Topley for kindly furnishing me with most of the 
references in the list given above, which have been supplied from the field-notes 
of my colleagues in the Survey, Messrs. Bristow, Whitaker, H. B. Woodward, 
Goodchild, De Rance, Ussher, and Strahan. 

t Ramsay, Geology of North Wales (Geol. Surv. Mem. vol. iii.), 2nd edit. p. 247. 

¢ J.C. Ward, Geol. Mag. dec. 2, vol. vi. p. 51. 

§ W. Keeping, Quart. Journ. Geol. Soe. vol. xxxvii. p. 156. 
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illustrations of contemporaneous erosion. The Budleigh-Salterton 
pebble-bed and its continuation through the middle of the Triassic 
system is another well-known case. 

In the Jurassic series of Yorkshire examples of intercalated con- 
glomerates have been noted*. 

The conglomerates of the Weald generally occur near the top of 
the sandstone beds and are succeeded by shales. The conglomerates 
of Faringdon and Godalming &c. exhibit similar phenomena in the 
Neocomian series. 

Of the Tertiary illustrations I need refer only to the pebble- 
beds of the London basin+, and the thick shingle-accumulations of 
the Marine Series of Bournemouth §. 

Every geologist who has studied the subject in the field must be 
familiar with the way in which the same far-transported pebbles 
have been used over and over again in successive formations. In 
some cases, as, for example, in the later conglomerates of the Isle of 
Arran, it is possible to distinguish the freshly derived fragments 
from those that had already done duty in an earlier conglomerate. 

It is evident, then, that the intercalation of a conglomerate band 
in the midst of a continuous series of sediments has been of frequent 
occurrence in the geological past. Sometimes no change has taken 
place in the general character of the sedimentation after the conglom- 
erate was deposited; in other cases the sediment laid down above 
the conglomerate differs in composition or texture, or in both, from 
that which lies below. We may infer from these facts that the 
occurrence of a pebbly zone in a conformable series of strata, need 
have no more geological significance than the shifting shingle banks 
on the bed of the English Channel at the present day. Undoubtedly 
such a band of conglomerate points to a change in the system of 
currents by which sediment was transported, the change sometimes 
giving way to the former conditions, sometimes introducing new 
ones; but it furnishes no sufficient ground for an important strati- 
graphical boundary line. 


3. Zone of Green and Red Shales, Sandstones and fine Tuffs. 


This zone is chiefly important because it offers well-marked litho- 
logical characters, capable of being employed in working out the 
stratigraphical succession and general structure of the district. In 
mapping the ground, indeed, Mr. Peach and I found it convenient 
to distinguish two bands in this zone, viz. a lower set of green, and 
an upper set of red beds. But the line of demarcation is not always 
sharply defined between them, though they can be readily observed 
in their respective positions on both sides of the axis. They are 


* ©, Fox Strangways and G. Barrow, Mem. Geol. Survey, ‘Geology of 
Whitby and Scarborough,’ p. 38. 

+ W. Topley, Mem. Geol. Survey, {Geology of the Weald,’ pp. 56, 59, 
64, &e. 

{ W. Whitaker, Mem. Geol. Survey, vol. iv. ‘Geology of the London Basin,’ 
pp. 207, 222-224, 233. 

§ J. S. Gardner, Quart. Journ. Geol. Soc. vol. xxxv. p. 215 
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specially well developed and marked off from each other on the coast- 
line south of St. David’s. They may also be studied at Castell, on 
Ramsey Sound. 

One of the most interesting lithological features in these strata is 
the presence in them of diffused volcanic dust and of layers of fine 
tuff. Some of the red shales are full of this material, which here 
and there is gathered into the thin seams or ribs of which the micro- 
scopic characters have already been described. ‘This diffused vol- 
canic detritus marks, no doubt, the enfeebled discharges of fine dust 
towards the close of the volcanic episode in the Lower Cambrian 
period at St. David’s. It would be difficult to find an instance of a 
more perfect transition from a series of thoroughly volcanic masses 
into a series of ordinary mechanical sediments. 

It is further to be noted that in this zone, as discovered by Dr. 
Hicks, well-preserved specimens of Lingulella primeva occur* 
There can, therefore, be no doubt as to the place of the strata in the 
geologicalrecord. The red sandstones and shales pass up insensibly 
into a thick overlying mass of fossiliferous purple and green sand- 
stone, assigned by Dr. Hicks tothe Harlech Group. It is not needful 
here to pursue further the upward stratigraphical succession. 


2. GroLogicaAL STRUCTURE OF THE DISTRICT. 


The existence of an anticlinal axis in the Cambrian beds at St. 
David’s is indicated upon the Geological Survey Map, which does not, 
however, distinguish the different zones of rock in such a way as to 
show the line of axis, or to afford data for measuring the thickness 
of the beds. As I have already pointed out, there is not only a 
great arch of the strata here, but the south-eastern half of the arch 
has been inverted. As the determination of this isoclinal fold is a 
point of fundamental importance in the structure of the district, 
some further details regarding it may here be given (see figs. 1 & 2, 
p. 268). 

On the west side of the district the succession of beds can be 
~ followed from the headland of Point St. John without interruption, 
along the shores of Ramsey Sound, for about a mile south-eastward. 
The strata of sandstone and shale, traversed here and there by 
eruptive rocks, dip in a general north-westerly direction. Hence 
there is a steadily descending section until near Castell, where the 
shore trends toward the south-west, and coincides with the general 
direction of the strike of the beds. Whether we follow the coast- 
line round into Porth-lisky, or strike inland across the promontory 
to that bay, we encounter a thick series of tuffs (with bands of 
diabase and occasional intrusive elvans or veins of quartz porphyry) 
presenting the same general dip towards W.N.W. or N.W. The 
angles of inclination are generally high, though here and there they 
fall as low as 40° or even less. 

No one visiting this section for the first time would suspect that 
one half of it is only a repetition of the other half; but when the 


* Quart. Journ. Geol. Soc. vol. xxxi. p. 168. 
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same zones can be recognized on each side of the promontory the 
existence and nature of the fold are made apparent. We need not 
look, indeed, for more than a general agreement in the repetition of 
the volcanic part of the Section. Volcanic accumulations are so 
characteristically inconstant that the series on each side of the fold 
might quite well be entirely different. The coarse tuffs and breccias 
were doubtless thrown up in heaps round the vents from which they 
were discharged. The lavas must have formed submarine banks or 
reefs of but limited extent. Not only, therefore, might we expect 
that the succession of voleanic masses on one side of the axis would 
differ from that on the other, but there might very well be local 
overlaps of the conglomerate upon the irregularities of the volcanic 
masses. West of Treginnis-uchaf, where the prolongation of the 
Rhosson diabase reaches the shore, there seems to be an instance of 
this kind, the conglomerate ending against the diabase bank on one 
side but reappearing on the other. Such a structure, however, is 
obviously quite different from an unconformability. Even at the 
locality just referred to the conglomerate is succeeded by fine 
volcanic tuff, showing that, though the conditions of sedimentation 
had considerably changed, volcanic action still continued. 

Even in the volcanic group, however, some leading features are 
repeated on either side of the fold. The Pen-maen-melyn lavas 
reappear, though in diminished proportion, on the east side near 
Pen-y-foel. The diabase sheet at Rhosson may be the same as that 
of Clegyr Foig. The Porth-lisky schists are partially exposed on 
the coast of Ramsey Sound at Ogfeydd-duon; and the conglomerate 
with its overlying groups is easily traced on either side of the fold*, 

Various eruptive masses have been protruded through the stratified 
rocks. It is possible, as I have already suggested, that some of the 
diabase sheets in the volcanic group may be intrusive; but if so, 
they must still, no doubt, be classed as belonging to the volcanic 
period, like the intrusive rocks associated with the contemporaneous 
volcanic series in the Carboniferous system of Central Scotland. 

Of much later date are the granite and quartz-porphyries.. For 
reasons to be afterwards given I class these two groups of highly sili- 
cated rocks together. A reference to the Map (Pl. VIII. p. 268) will 
show that the granite has risen through the eastern limb of the isocline, 
considerably disturbing the symmetry of the structure. In a general 
sense the longer axis of the granite mass corresponds with the domi- 


* The repetition of the same petrographical character has been admitted by 
Dr. Hicks himself, as may be seen in the sections published by him in his paper 
of May 1878 (Quart. Journ. Geol. Soe. vol. xxxiv. p. 166). In Nos. 1 and 2 of 
these sections subdivisions 1, 2, 3, 4, 5 and 6 are described in nearly the same 
words as subdivisions 8, 10 and 11. It is interesting to find that he makes the 
Cambrian conglomerate to be underlain by the same succession of beds at 
Llanhowell and Caerbwdy, though those localities are upwards of three miles 
apart. This would hardly be likely to occur were there an unconformability 
between the conglomerate and the rocks below it. [At the reading of this paper 
Mr. Peach exhibited Dr. Hicks’s section, coloured in accordance with what we 
believe to be the true structure of the ground ; and he showed how entirely that 
section is explicable on the idea of an inverted anticline. ] 
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nant strike of the stratified rocks without strictly conforming to ib. 
I have shown how the granite cuts.into successive zones of the 
Cambrian series, until it invades the group of greenish sandstones 
and shales lying above the conglomerate. The most serious distur- 
bance of the regularity of the beds on the south-eastern side of the 
fold occurs in the Allan valley between Rhoscribed and Porth- 
clais. There appears to be a minor plication between the two 
projections of granite, as expressed on fig. 1, p. 258. Beyond this 
local disturbance the strata can be followed eastward until the re- 
versed dip of the isocline changes to vertical; and the beds rapidly 
lessen in inclination as group after group of the Lower Cambrian 
series appears in normal order. 

The St. David’s area is one of the numerous tracts of Pembroke- 
shire where eruptive masses have risen in a general north-east 
and south-west direction parallel with the principal stratified rocks. 
Round the granite are grouped various quartz porphyries; and 
similar rocks probably continue to rise in detached bosses or dykes 
along the same line of extravasation towards the north-east. 

From the way in which the granite and porphyries traverse the 
stratified rocks, it may be confidently inferred that they are of later 
date than the general plication. At the same time there is evidence 
of movement subsequent to the intrusion of these rocks; for slicken- 
surfaces may often be noticed on their joints. 

In the first part of this paper I have admitted that minor local 
displacements may have occurred here and there along the edge of 
the granite; but they do not in any way affect the general geological 
structure of the district. That no large or important faults occur 
is made quite certain by the remarkably clear coast-section, and by | 
the evidence of the transverse valley of the Allan river, in which, 
in spite of the intrusion of the granite, the normal succession of beds 
can be distinctly recognized. If, indeed, the granite could be elimi- 
nated from the district, the various groups of strata on either side of 
it would close up into their usual order. 

The latest rocks are the dykes of diabase, by which all the others 
are traversed. These show occasionally a kind of cleavage or fine- 
jointing, which may perhaps point to renewed lateral pressure after 
their extrusion. 

Cleavage was not observed to characterize the stratified rocks, 
though we noticed a few feeble examples of it. But the fine folia- 
tion already referred to is conspicuous in the volcanic group and on 
several horizons in the groups overlying the conglomerate. To this 
structure I shall devote a separate section of the paper. 


3. Tue Fortation oF tHe District, 


A fine foliation, arising from the development of micaceous mine- 
rals along the planes of stratification, has been extensively developed 
in the volcanic group, and likewise in the groups of ordinary sedi- 
mentary strata overlying the conglomerate. It has affected many 
of the fine tuffs, the paste of certain coarser tuffs, and some of the 
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shales. Where it occurs, the rock is usually pale apple-green to 
pearl-grey, but occasionally of a pinkish tint, with a silky lustre, 
soapy feel, and finely schistose texture. These characters have 
been developed here and there along particular lines or in certain 
bands of rock, the beds above and below exhibiting no appreciable 
trace of them. A specimen taken from one of the foliated beds 
might be supposed to have come from the sericite schists, or fine 
hydro-mica schists of a district in which regional metamorphism 
has been well and widely developed. Yet the beds immediately 
above and below are ordinary tufts, shales, or sandstones. 

I have had thin slices prepared from specimens collected from 
different horizons, to show various stages in the development of this 
foliation (Pl. IX. figs. 5 & 6). Some of these are from the section 
on the road-side north from the St. David’s Schools; others from 
the schists at Porth-lisky and from the same group at Ogfeydd-duon 
on Ramsey Sound. Others, illustrating the alteration of the beds 
above the conglomerate, were taken from schistose bands among the 
ordinary strata at Porth-seli ; at the Life-boat House, Porth Stinian ; 
and at Porth Cadnaw, alittle south from St. John’s Point. I can offer, 
at present, only the general results of a first study of these slides ; 
but the examination has convinced me that the district is one from 
which a more exhaustive research could not fail to derive much fresh 
insight into the early stages of regional metamorphism. 

The original clastic character of the rocks is still everywhere 
raceable, but is less distinct among the lower and older portions of 
the series. This probably arises from the original minerai constitution 
and state of aggregation of the fine fragmentary materials, rather 
than from relative age and depth. ‘The base of the schists appears, 
under the microscope, as a felted aggregate mainly composed of 
minute scales of a nearly colourless mica. These scales are grouped 
linearly along the planes of foliation, which coincide in general direc- 
tion with those of bedding. They wrap round the clastic granules, 
and are not unfrequently interlaced into short folia. The mineral 
thus developed in the process of foliation is doubtless one of the 
hydrous micas, so frequently observable in the metamorphic schists ; 
it may be sericite. Next in abundance to it is an opaque granular 
substance with no recognizable crystalline form, which has, as it 
were, been pushed aside by the crystallization of the mica, and is 
disposed in lenticular and coalescent folia along the general planes 
of foliation. It is the presence of these sharply defined streaks of 
black dust which gives so much precision to the line of foliation 
in many of the slides. Another mineral of secondary or metamor- 
phic origin is bright green, fibrous, and granular, tufted or vermi- 
cular. From these characters and its behaviour in polarized light, 
_I have little doubt that it is chlorite. It occurs in oval or eye- 
like nests, but occasionally is prolonged into folia, and sometimes 
takes the place of the nearly colourless mica. Its fibres are usually 
disposed transversely to the longer axis of the aggregates. In one 
slide (Ogfeydd-duon) abundant crystals of pyrites have been deve-' 
loped along some of the folia; in another (Life-boat House), minute 
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grains of what appears to be magnetite are dispersed through the 
base. 

Of the clastic fragments still recognizable, quartz is most conspi- 
cuous. It presents the usual characters of sand-grains, with lines 
of fluid inclusions. ‘These grains usually show sharp borders. 

Among the schists of the volcanic group there occur small 
fragments of felsite, with less sharply defined margins, which I 
cannot doubt were originally volcanic lapilli. I conjecture also that 
the ovoid aggregates of chlorite may represent the augite and olivine 
of the more basic fragments. The schists, it will ve remembered, 
are interstratified among tuffs in which felsite and porphyrite 
lapilli are quite distinct. 

The schists intercalated among the sandstones and shales above 
the conglomerate, present essentially the same structure and the same 
ingredients as those among the tuffs below. So close, indeed, is the 
resemblance, that I am inclined to look upon these schists as having 
been originally fine tuffs. They contain, as might be supposed, a 
larger proportion of quartz-sand; but their sericitic constituent is 
well developed. 

One further microscopic character may be referred to. A slide 
taken from a band of fine schist, among the tuffs beyond the bridge 
over the Allan to the north of the Board Schools, shows an incipient 
crumpling of the folia (Pl. X. fig. 7). Some of the lines of black 
dust are bent back upon themselves in the way so familiar in mica 
schist and gneiss. Instances also occur where a similar crumpling 
is presented by the sericite and chlorite. 

There cannot, I think, be any hesitation in affirming that the 
foliation of these fine schists has had nothing whatever to do with 
the protrusion of the granite and quartz porphyries. It is not 
specially developed near these rocks, and, on the other hand, is 
admirably exhibited at a distance from them. I am inclined to 
believe that not only is the foliation independent of the eruptive 
rocks, but it took place long before their protrusion. It was 
probably connected with plication, as appears to have been so 
generally the case in areas where rocks have been subject to this 
kind of metamorphism. The eruptive rocks themselves show no 
trace of foliation; but they could hardly have escaped this change 
had they already been in position when the schistose structure was 
being superinduced upon the adjoining strata. 

What renders the foliation of the St. David’s area so interesting 
is its feeble development, and its singularly sporadic and almost 
capricious distribution. In many places one cannot always decide 
whether to regard a given rock as a true foliated schist or simply 
as a shale. The same part of a group is shaly at one locality and 
schistose at another. Some strata seem to have been able to resist 
the change throughout the district; the red shales above the con- 
glomerate, for example, remain true shales, though some of the bands 
of tuff intercalated in them show faint foliation. Others, again, 
"have been prone to change. This appears to have been particularly 
the case with some kinds of fine volcanic débris. The microscopic 
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examination suggests, indeed, that all the schists were originally 
tuffs. The green and grey shales lying below and above the con- 
glomerate, which include such excellent examples of fine silky schists, 
were not improbably derived in large measure from fine volcanic 
sediment. 

My second visit to St. David’s was especially intended to obtain 
further data regarding this question. But I am not yet able to 
throw much light upon it. There can, I think, be no doubt that, 
in so far as the production of a true foliated structure depended 
upon the operation of influences entirely outside of the rocks them- 
selves, closely adjacent strata must have been under practically the 
same conditions. The pressure, tension, and temperature can 
hardly have sensibly differed in contiguous rocks. If, therefore, all 
the rocks were subjected to the same processes, any resulting differ- 
ences in their present aspect and structure must, I shouid imagine, 
be due to some original variety in the chemical composition and 
physical structure of the rocks themselves. Certain layers or 
particular kinds of fine detritus, more especially some of the finely 
comminuted volcanic dust, have been specially susceptible of change 
along the planes of deposit; and sericite, chlorite, pyrites, and mag- 
netite have been developed along those planes, so as to produce a 
marked foliation. 

In the St. David’s district we seem to stand in presence of some 
of the initial stages of that still mysterious process by which wide 
regions of sedimentary strata have been changed into crystalline 
schists. ! 


4, Tur Granire, Quartz PoRPHYRY, AND ACCOMPANYING 
METAMORPHISM. 


In the first part of this paper sufficient evidence has been adduced 
to show that at St. David’s a central boss of eruptive granite, with 
associated peripheral dykes, elvans, or amorphous intrusions of 
quartz porphry, has been protruded through the Cambrian strata. 
I purpose now to supplement that evidence by discussing more fully 
the structure and relations of the eruptive rocks, and the influence 
they have exerted upon the stratified formations through which 
they have arisen. 

The granite, as has been already shown, lies on the eastern limb 
of the isocline, where it invades the various rock groups up to the 
zone of green shales and sandstones that lies some way above the 
quartz conglomerate. The porphyries are grouped round the cen- 
tral boss of granite, and appear to be intimately connected with it, 
like the elvans of granite districts. I shall first describe the petro- 
graphical characters of these rocks, and then give some account of 
the metamorphism associated with them. 

Of the granite I have had a good series of thin slices prepared 
from characteristic specimens taken from all parts of the district, 
and have subjected them to microscopic examination (Plate X. fig. 
11). To the descriptions already given by Prof. Bonney, Mr. Davies, 


314 A. GEIKIE ON THE SUPPOSED 


and Mr. Tawney I have but little to add regarding the structure of 
the mass in its central typical portions. It is a thoroughly crystal- 
lized compound, with the distinctive micropegmatite structure of a 
true granite. The quartz is specially abundant in some places, and 
always presents the characteristic forms of this mineral in granite. 
The felspars are all more or less kaolinized; striated forms may be 
detected among the more predominant orthoclase; while here and 
there a little microcline (a species so characteristic of granite) may be 
observed. In none of my slides have I found any mica; but in all of 
them there is an abundant bright grass-green mineral, often in tufts 
and vermicular aggregates. Most of this green constituent appears to 
be chlorite. Nests of epidote may also be detected, some of it 
possibly replacing original mica. The presence of chlorite and 
epidote, and the turbid condition of the felspars prove the rock to 
have undergone considerable alteration. 

The microscopic structure of the rock remains tolerably uniform. 
Towards the margin of the mass, however, the texture is apt to 
become finer-grained, though this change is not always observable. 
At Porth-lisky, where the greater closeness of grain in the marginal 
parts is well seen, portions of the rock assume a structure approach- 
ing that of graphic granite, and are much veined with calcite. It 
is here that the bands of sparry carbonates described by Dr. Hicks 
occur. His so-called ‘‘ quartz schists” are likewise portions of the 
graphic condition of the granite*. 

In the course of my study of crystalline rocks in the field, I 
have never met with the graphic structure except in veins. If the 
beach could be quite laid bare at Porth-lisky, it is probable that 
the graphic structure there visible might be found to belong really 
to veins connected with the main mass of the granite. 

The same graphic structure is well displayed in the veins of 
lighter, finer-grained granite, or segregation-veins which traverse the 
main mass in so many places. These veins (known to German 
geologists by the glass-makers’ term ‘‘ Schlieren,”—threads or rib- 
bons) are quite distinctive of granite, and do not occur among 
gneisses and schists. Their presence in the rock of St. David’s is, 
in itself, sufficient to prove that rock to be an eruptive granite. 

At the northern end of the ridge the granite is succeeded by 
masses of quartz porphyry. No continuous section can here be 
traced ; but there are numerous exposures of rock between Bryn-y- 
garn and the valley near the cathedral. At Bryn-y-garn itself, the 
granite appears in its most typical form. A little to the north, at 
Rock House, what appears to the naked eye as an extremely small- 
grained granite, approaching to felsite, can be seen. At the bottom 
of the slope, on the roadside leading south-westwards from St. 
Dayid’s, a rock with still closer texture may be observed. 

A series of thin slices prepared from these rocks leaves no doubt 
on my mind that there is here a transition from the granite of the 

* Quart. Journ. Geol. Soc. vol. xxxiv. p. 154.. Professor Bonney observed 


the graphic structure in these rocks, though he was disposed to consider them 
as of metamorphic origin. 
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ridge into microcrystalline and spherulitic porphyry. The rock 
seen at Rock House is granitic in texture, and consists of the same | 
minerals as the adjacent granite of Bryn-y-garn, but in smaller 
forms. The quartz and felspar, in a kind of granular micropegma- 
titic intermixture, constitute nearly the whole mass; but the chlo- 
rite is also present in tufted bright green aggregates. The rock on 
the roadside is still more finely crystalline. It forms a stage 
between granite and true felsite. Its ground-mass presents a 
microcrystalline aggregate of quartz and felspar, similar to that of 
the Church-School quarries, through which also spherulites are 
distributed. The same chloritic constituent so characteristic of the 
granite, is still recognizable here. Short of an actual section show- 
ing the gradations of the one rock into the other, I do not think 
that better evidence could be found that the granite is directly 
connected with the porphyries that lie along its border. 

This intimate relationship is further illustrated by a study of the 
minute structure of the porphyries. Some of these rocks have been 
described in Dr. Hicks’s papers by Professor Judd and Mr. Davies, 
and elsewhere by Mr. Tawney. Mr. Davies has shown the thoroughly 
erystalline nature of the ground-mass of the rock at the Church-School 
quarries. My observations not only confirm his description, but ex- 
tend it to all the porphyry masses of thedistrict. In noneof them have 
I noticed any true felsitic base, though this may yet be found. Their 
ground-mass, between the spherulites to be immediately referred to, is 
entirely microcrystalline, and is resolvable into a granular inter- 
mixture of quartz and orthoclase. The rocks are quartz porphyries, 
but with a remarkable development of spherulites, which, following 
Vogelsang’s terminology, are felso-spherulites. This spherulitic struc- 
ture has been developed in altogether exceptional perfection and beauty 
(Plate X. fig. 9)—so much so, indeed, that the spherulitic quartz por- 
phyries of St. David’s are no doubt destined to become as classical 
examples of this structure, and as much sought after for collections 
of microscopic petrography, as the pitchstone of Arran now is for 
its microliths. They have been well described by Mr. Davies as 
they occur in the Church-School quarries*. He has pointed out the 
want of peripheral definition of the spherulites in the rock at that 
locality, the absence in them of a central nucleus, and their ten- 
dency to group themselves round the quartz and felspar crystals. 
Instances, however, of sharp borders to the spherulites may be found 
in this rock, and still more conspicuously in the mass exposed at the 
centre of the cove below Nun’s Chapel. The rock at the latter 
locality is finely spherulitic, the spherulites having a distinct dark 
border, and many of them standing isolated in the base. Though the 
base is somewhat decomposed, the spherulites are still tolerably fresh, 
and react in the usual way on polarized light, giving a distinct black 
cross between crossed prisms (Plate X. fig. 10). 

The development of these spherulites is one of the problems which 
will require a more exhaustive study of the St. David’s rocks, and 
the solution of which can hardly fail to throw light on the relations 

* Quart. Journ. Geol. Soc. vol. xxxiy. p. 164, xxxv. p. 293. 
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between granite and lava-form rocks. I may observe in connexion 
with this subject, that while microcrystalline structure appears to 
run through all the porphyries, spherulites are not always present. 
In the dyke or elvan of Nun’s Chapel, for example, while some 
portions of the mass are spherulitic, others are merely micro- 
crystalline. The spherulitic structure, however, appears to be only 
exceptionally absent. It occurs not only in large elvans, like those 
of Nun’s Chapel and the Church-School quarries, but even in small 
veins, such as that which traverses the agglomerate on Clegyr Hill 
and that which cuts across the tuffs near Pen-y-foel. 

To the porphyries a distinctly porphyritic structure is given by 
the presence in them of abundant macroscopic quartz blebs or 
crystals. These are sometimes dihexahedral, usually with some- 
what blunted angles; but they also assume irregular rounded forms, 
occasionally enclosing portions of the base. Porphyritic crystals of 
plagioclase are common in many of the rocks. 

Some portions of the porphyries where these quartzes and felspars 
do not appear might be classed as felsites on a cursory inspection. 
But they all possess the microcrystalline ground-mass. They cannot 
be confounded with the felsites of which fragments occur in the tuffs. 

Traces of fluxion-structure are discernible in the elvan of Nun’s 
Chapel. The shales at that locality have been invaded by intrusive 
veins and bands of a rock now much decomposed, but which appears 
to have been a quartz porphyry. It consists of a decayed ground- 
mass with much diffused brown matter disposed in lines that sweep 
round the abundant large quartzes. Ifit was connected with the 
adjoining elvan it may show a further stage towards the development 
of a felsitic rock. But though I have had several slices made from 
my specimens, they show a rock rather too much decayed to warrant 
any deductions from them until better examples have been procured. 

Proceeding now from their petrographical to their geotectonic 
characters, I have to remark that the porphyries occur as_ bosses, 
elvans, or veins cutting through all horizons of the volcanic group, 
and in one case apparently, if not actually, reaching the quartz 
conglomerate. One of the best exposures of this intrusive character 
may be seen in the cliff below Nun’s Chapel, where the elvan, 
already-so often referred to, runs along the face of the cliff through 
the uppermost zone of the volcanic group. On the whole its 
direction is parallel with the strike of the beds. That it is not 
strictly so, but that the porphyry cuts irregularly through the 
strata, is well shown at many places*. On one conspicuous 
precipice the porphyry mass has a thickness of from forty to 
fifty feet, and lies at an angle of 35°, cutting through the strata, 
which are inclined, with reversed dip to the northward or towards 
the land, at from 65° to 70°. 

Apparently in connexion with this dyke a network of intrusions of 
the peculiar decomposed quartz porphyry above referred to may be 
observed in the shales along the face of the cliff immediately below 
Nun’s Chapel. On the whole the intruded material has forced its 


* Dr. Hicks has figured this intrusive mass (Quart. Journ. Geol. Soc. 
vol. xXxili. p. 236). 
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way along the bedding-planes of the shales, but has also broken 
across them, sending out finger-like branches. At first I took 
the rock for a tuff; and it was not until I noticed that it was 
porphyritic with quartz, and that it intersected the shales, that I 
recognized its true character. Some portions are veined with, and 
contain lenticular seams of the siliceous substance to be immediately 
described, in which may be detected the doubly terminated quartz 
and the felspar crystals of the rock. 

The association of quartz porphyry with granite is so familiar a 
fact as to need no further comment here. I would only add that in 
the granite district of Criffel and Galway there are masses of quartz 
porphyry presenting the closest resemblance to those of St. David’s. 
Like the granite with which they are connected, they have risen 
through Lower Silurian strata. 


I now come to the metamorphism that has attended the intrusion 
of the granite and porphyries. The district of St. David’s is too 
limited in extent to furnish data for a full discussion of this subject. 
The facts there attainable ought to be extended by observations of 
the line of junction of the eruptive and sedimentary rocks in the 
rest of Pembrokeshire. J would therefore at present offer only such 
a slight sketch as the material in my possession seems to warrant. 

The metamorphism traceable near the granite and quartz por- 
phyries appears to consist partly in induration due to the introduc- 
tion of new mineral matter, notably silica, into the strata, partly in 
the development of crystals or a crystalline rearrangement of the 
materials of the adjacent rocks. 

In dealing with the amount of change superinduced upon stratified 
masses by granite which has been intruded into them, we have two 
factors in the question to consider—the petrographical structure and 
composition of the rocks affected, and the character and particularly 
the bulk of the eruptive mass. In regard to the first of these two 
points | may remark that quartz and quartzose rocks present little 
scope for metamorphic action. Secondary quartz may be deposited 
in their fissures, or between their particles ; but unless they contain 
some silicate or other mineral matter which may be susceptible of 
recomposition and recrystallization, they may show no further change 
than mere induration from introduced silica, or from the solution 
and recementing of their component grains. 

With respect to the part played by the granite, it must be remem- 
bered that marked metamorphism does not always accompany intru- 
sions of this rock*. Ifthe mass of granite be small, there may be 


* In this country examples may be found where little or no alteration is 
perceptible round the margin of the granite that has undoubtedly been erupted 
through the adjoining strata. Round the smaller granite bosses of Galloway 
this is observable among the more quartzose greywackes. The granite of Arran, 
though so large a mass, only slightly affects the surrounding rocks. On thecon- 
tinent numerous instances have been observed where no contact-metamorphism 
occurs round truly eruptive granite. My friend M. Renard has kindly supplied 
me with the following illustrations :—Petschau in Bohemia, where the contact 
of granite and shale is as sharp as if cut with a knife; Greifenheim; Ile de 
Michau (Cotes du Nord); banks of the Irtisch. 
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no distinct metamorphism at all. But even a large mass may pro- 
duce little alteration. There seems to be some relation between 
the mineral constitution of the granite and the nature and amount 
of the metamorphism which it may superinduce~*. 

The importance of noting these two conditions of the problem is 
well shown at St. David’s. The granite mass there is but of small 
dimensions, and it is where it narrows into minor projections that 
its contact with the adjacent rock is chiefly exposed. These are 
precisely the circumstances under which only a feeble degree of 
metamorphism might be expected. On the other hand, where the 
rocks next the granite have not been much decomposed, they are 
found to be quartz conglomerate, or quartzose grit, in which little 
or no trace of alteration need be looked for. 

The best natural section for noting the alteration produced by the 
granite is that exposed on the cliff at Ogof-llesugn. The conglo- 
merate has there been indurated into the consistency of quartzite, 
breaking readily across the pebbles. The grits in the Allan valley 
have been similarly affected, but in a less degree. Microscopic 
preparations of these rocks show a structure like that of the 
quartzites of the Highlands. The quartz grains and pebbles have 
suffered no apparent change, except that in some places they have 
been much fractured. A deposit of secondary quartz may be observed 
running in veins through the rock. Where. the pebbles have been 
fractured, disrupted portions are imbedded in a matrix in which, 
besides crystalline quartz, an indistinctly fibrous substance occurs, 
which may be chalcedony. 

The shales and fine grits near the granite at Porth-clais are beau- 
tifully foliated, lines of the bright-green chloritic ingredient already 
referred to being especially prominent between the bands of quartz- 
grains. But, for reasons already given, I believe that this foliation 
has not resulted from the influence of the granite. At the same time 
there may be room for inquiry whether the effect of the granite may 
not have been to set up a new foliation, which, where it coincided in 
direction with the first, might intensify it. 

From a specimen of fine shale or schist taken from near the 
granite on the right bank of the river, J have had several slices 
prepared. In these the first foliation is excellently shown; but the 
folia have been ruptured and shifted by, as it were, a series of closely 
parallel faults, along which a new but more feeble foliation has been 
developed by the production of a fine white mica (Plate X. fig. 8). 

The alteration round the granite appears not to extend many 
yards away from the eruptive rock; but the sections are few and 
limited in.extent; and in some places, owing to small local slips, 
the strata now abutting on the granite may have been originally at 
some little distance from it. In the case of the porphyries, however, 
the sections are far more numerous and extensive. The metamor- 
phism associated with these rocks is also more marked. It consists 


* Professor Zirkel informs me that in his experience granites with white mica 
alter the surrounding rocks little, or not at all, and that it is the granites with 
black mica that produce most of ‘the metamorphism. 


PRE-CAMBRIAN ROCKS OF ST. DAVID’S. 319 


in a partial bleaching of the rocks, in their induration into a flinty 
substance, and in the development of a microcrystalline structure in 
them. This alteration has been effected partly along the planes of 
bedding, and partly across them. The feeblest degree of change is 
marked by a slight induration of the shale or grit, the clastic nature 
of the rock being still obvious. From this condition successive 
stages may be traced until the rock appears in milk-white, flint-like 
masses, homogeneous, translucent, and breaking with a splintery to 
conchoidal fracture. 

These changes are most conspicuously seen in the uppermost zone of 
the volcanic group, but are not confined to it. They appear wherever 
the porphyries have invaded the rocks. ‘The best locality for their 
study is the coast-section at Nun’s Chapel, where they attain a re- 
markable development in the zone of fine tuffs and shales below the 
quartz conglomerate. They are shown also among the corresponding 
strata at Ogfeydd-duon, on Ramsey sound. At first the latter 
locality seemed to be an exception to the rule that this kind of 
metamorphism is connected with the protrusion of the quartz por- 
phyries ; but, searching the ground in the neighbourhood, I after- 
wards found the prominent and massive porphyry crags of Treginnis. 
On a lower horizon the alteration has been well developed in the 
agglomerate of Clegyr, where also there are intrusive dykes of sphe- 
_ rulitic porphyry. And, on a still lower platform, similar induration 
accompanies the quartziferous porphyry, of the Board Schools. 
From the published descriptions, the association of highly siliceous 
bands (porcellanite, hilleflinta, kieselschiefer, adinole, or whatever 
they may be called) with masses of felsite and quartz porphyry 
would appear to be of common occurrence in Wales. 

The sections that exhibit most clearly the metamorphism asso- 
ciated with the porphyries are those which have been cut by the sea 
along the coast from Nun’s Chapel eastward. In the first stages of 
change the shales are indurated, begin to lose the distinctness of their 
bedding, and break with a splintery fracture. Gradually they become 
feebly translucent on the edge, like the porcellanite or kieselschiefer 
of contact metamorphism. The granular texture passes into one like 
that of hornstone, and the edges become more translucent, until, losing 
by degrees all obvious trace of clastic structure, the rock presents a 
translucency, fracture, and lustre like those of flint or chert. The 
colours of these various conditions of the siliceous material range 
through shades of dirty grey and bluish and greenish grey to milky 
white. The alteration having been developed more particularly along 
the bedding of the strata, the indurated layers appear mostly as 
bands interstratified with the schists, shales, or tuffs. So evenly, 
indeed, are these layers interposed that they may readily be regarded 
as original deposits, formed contemporaneously with the strata 
-among which they lie. They vary from thin laminew to bands a foot 
or more in thickness. Some of them are regularly banded in alternate 
layers of more granular and more flinty texture. It is deserving of 
remark that, owing to the tilted position of the beds, the indurated 
bands are usually highly inclined or vertical, presenting occasionally 
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a resemblance to mineral veins. Traced along the strike, they are 
found to be lenticular walls imbedded in and shading off into shales 
and fine tuffs. 

The material composing these vertical bands occurs likewise in 
nodules or concretions varying from the size of a pin’s to that of a 
man’s head or larger. These are particularly abundant in a bed of 
grey shale, the laminz of which bend round them, as if nodules of 
some kind had lain there when the sediment was being deposited. 
A gradation in size and in development seems to be traceable among 
these included masses. In some cases they are represented by 
cavities lined with limonite. In proportion as they increase in size 
they grow more flinty in texture, until they assume the same pale 
milk-white translucent character found among the bedded masses. 
One of the concretions which M. Renard has kindly analyzed for me 
has the subjoined composition. 


Analysis of Concretion (Adinole) Nun’s Chapel, St. David’s. 
By M. Renard. 
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The layer of shale next one of the thick bands, or round a concre- 
tion, is frequently dull, dark green in colour, and compact in texture, 
so that on a wet face of rock the contrast between it and the adjoin- 
ing pale indurated substance is well marked. 

There is still a third form in which the same cherty material 
occurs. It may be seen ramifying through the shales in strings and 
winding veins, that strike across the stratification of the surrounding 
beds. It is there welded, as it were, into the shale, the lamine of 
which pass into it. Faint lines may even be detected here and there 
passing across the veins in the line of the laminee of the shale, on 
either side, as if they were a survival of these laminz. In the veins, 
as in the bands and concretions, the portions next the shale are 
more granular than the central parts, which as before, become flinty, 
milk-white and translucent. 

Dr. Hicks and Mr. Davies have compared these compact flinty. 
aggregates with the hialleflintas of Scandinavia. They are undoubtedly 
products of metamorphism; and their chemical composition as well as 
minute structure probably varies from place to place. The rock, 
analyzed by M. Renard corresponds both in composition and in 
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petrographical characters with the petrosilex of Sala in Sweden, to 
which, as already remarked, Beudant gave the name of “ adinole” *. 

The microscopic structure of some of the bands has been described 
by Mr. Davies and Dr. Hicksy. The latter author remarks that 
the chief peculiarity of the rock consists in the way in which the 
quartz is separated into nests. 

In the slices which have been prepared in the Geological Survey 
laboratories the more granular varieties are evidentiy fine shales or 
tuffs, in which the clastic materials are quite distinct, though the 
matrix separating them shows an incipient, feebly developed micro- 
crystalline structure. The more flint-like varieties display a more 
perfectly microcrystalline base. The constituents of the base appear 
to be chiefly felspars and quartz. They are here and there aggregated 
into patches of coarse crystallization, among which large well-striated 
plagioclase is occasionally conspicuous. One of the most interesting 
slides was prepared from a pale, milk-white, flint-like mass, taken 
from the coast below Nun’s Chapel. It presents the usual finely 
granular microcrystalline base, whigh remains of a pale bluish tint 
between crossed prisms. The slide is traversed by two parallel veins 
of quartz, one of which measures 4, of an inch in diameter and is 
quite visible to the naked eye. Other minute threads of the same 
substance appear under the microscope. ‘The most remarkable 
feature in this quartz-vein is the fact that it is crowded with liquid 
inclusions, arranged in approximately parallel partitions which run 
across the breadth of the vein. Each inclusion has a bubble; and in 
some cases the bubbles rotate or vibrate as we watch them in the 
field of the microscope. 

In trying to realize what has been the origin of these highly 
compact siliceous aggregates, we see that they have been specially 
developed among fine tuffs and shales or schists. From the analysis of 
the acid tuffs above given, it is certain that some bands contain above 
70 per cent of silica; the specimen of adinole from Nun’s Chapel, 
analyzed by M. Renard, contains, as we have seen, 78°62 per cent. 
of that ingredient. In some instances the whole of the silica may 
have been present in the rock before its alteration. 

But whether or not silica has been subsequently introduced into 
the flinty bands of St. David’s, it is evident that they cannot be due 
entirely to original deposition. In the first place the material of 
the bands and of the concretions is so precisely the same as that of 
the transverse and ramifying veins that we must connect the three 
modes of occurrence together as parts of one general process of alter- 
ation, and must conclude that, at least in their present condition, 
these microcrystalline aggregates must be later in date than the 
rocks in which they le. 

In the second place, the same fimty substance traverses the quartz 
porphyry of Nun’s Chapel. In the veins which, in connexion 
with that rock, ramify into the adjacent shale, it is here and there 
conspicuous. One of my microscopic slides from the elvan itself 

* Traité de Minéralogie (2nd edit., 1832), vol. ii. p. 126. 
t Quart. Journ. Geol. Soe. vol. xxxy. pp. 285 et seg. 
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shows a tendency towards the aggregation of granular crystalline 
quartz into nests and fine threads traversing the base, as if the 
quartz porphyry had been in some measure affected by the same 
process which has resulted in the production of the siliceous aggre- 
gations. Mr. Davies has also pointed out that in the felsite of Roche 
Castle abundant fissures filled with crystalline quartz occur, together 
with bands of fibrous chalcedony *. 

From the marked development of the siliceous microcrystalline 
ageregations near the dykes and bosses of porphyry, and their 
paucity or absence elsewhere, I infer that they are connected with 
the protrusion of that rock. That water was present, probably in 
considerable quantity, in the magma out of which the porphyries 
solidified, is shown by the liquid inclusions in the quartz of these 
rocks. Hot water or aqueous vapour no doubt continued to escape 
from the eruptive masses long after they had become solid. This 
water, probably sometimes charged with alkaline materials, sometimes 
with dissolved silica, would most readily escape along the highly 
inclined planes of stratification. Moreover the interstitial water 
present in the beds, or which might reach them from the surface, 
would come within ‘the influence of the heat of the eruptive rock. 

That the changes which produced the present microcrystalline 
texture and diffusion of quartz in these rocks took place in the 
presence of water, and under considerable pressure, is proved by the 
important fact to which I have referred, that the quartz of the fine 
veins that traverse the adinole is crowded with liquid inclusions with 
freely moving bubbles. 

The presence of water being thus established, it is obvious that 
the nature of the metamorphisn which it might set up would depend 
not only on its own chemical activity and that of the substances 
dissolved in it, but also upon the chemical composition of the rocks 
affected. Some of the strata must undoubtedly have been more 
liable to undergo alteration than others. Probably those which have 
suffered most, consisted originally of finely divided felsite dust. 
Such a condition would offer peculiar facilities for alteration by water 
under pressure. ‘The presence of quartz-grains here and there in 
the sediment might determine the deposit of additional silica round 
these centres. ‘The water permeating the rock would, no doubt, 
also fill the fine fissures with the same material. A crystalline re- 
arrangement of the felspathic constituents was likewise set on foot, 
with the result of producing a finely crystalline mass through which 
larger crystals, especially of plagioclase, have been developed. From 
the marked proportion of soda in the analysis of the adinole from 
Nun’s Chapel, some of the felspar thus developed is obviously 
albite. We may suppose that the alkali was, in great measure, 
supplied during the process of metamorphism. The analysis 
further shows that there must be free silica as well as more alumina 
than is required for the constitution of the felspar. 

The subject is too wide for adequate discussion here. But, from 
the data which I have now brought forward, it will be evident that 


* Quart. Journ. Geol. Soc. vol. xxxv. p. 291. 
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important additions to our knowledge of metamorphism may be 
looked for from a further study of the rocks of St. David's. 


5. Tue Dirapase Dyxns anp InrRusIvE SHEETS. 


The latest rocks of the St. David’s district are the dykes and in- 
trusive sheets of diabase, which have been referred to in Part I. as 
traversing all the other formations. The dykes are specially abund- 
ant in the granite. One or two may be detected im almost every 
artificial opening which has been made in that rock; while on the 
coast-section they are here and there profusely abundant. They 
are likewise frequent in the quartz porphyries, as may be seen in 
the quarries near the schools, and still more conspicuously on the 
cliff south of Nun’s Chapel, where, at a picturesque sea-worn cave, 
four dykes, varying from one to nine feet broad, cut through the 
elvan. They occur also in the volcanic group and in the sandstones 
and shales above the conglomerate, but become fewer in number as 
they recede from the granite centre, 

In external characters, the rock composing these dykes and sheets 
may be described as usually a dull dirty-green or yellowish brown 
mass, to which the old name of “‘wacke” might appropriately be 
given. It exhibits the texture and mode of weathering of the more 
distinctly crystalline members of the basalt family. It is occasion- 
ally amygdaloidal or cellular, the kernels or cavities being arranged 
parallel with the sides of the dyke. Here and there a rudely pris- 
matic structure extends between the walls. | 

To the descriptions of the microscopic structure of this rock 
already given by Prof. Judd, Mr. Davies, and Mr. Tawney I have 
but little to add. It is a diabase, but more allied in structure to 
true basalt than the olivine diabase of the volcanic group. It 
especially differs from the older rock in the abundance and freshness 
of its felspars, in the comparative scarcity of its augite, and in the 
absence of olivine. The magnesian silicates are very generally 
replaced by green decomposition-products diffused through the mass. 
An occasional crystal of hornblende, recognizable by its cleavages 
and dichroism, may be detected. 

I may add that some of these diabase dykes present excellent 
examples of fluxion-structure. Mr. Tawney noticed this in one of 
those traversing the granite at Porth-lisky*. A thin slice which I 
have had cut from probably the same dyke, and showing the contact 
of the rock with the granite, reveals the streaming of the plagioclase 
prisms along the wall of the dyke. I have found the same arrange- 
ment in the narrow dyke that cuts through the shales south of 
Castell. But the most beautiful example among my slides was taken 
from a dyke in the shales, in a small cove to the east of Nun’s Chapel. 
The shale and eruptive rock are in contact; and the small acicular 
prisms of felspar, besides ranging themselves in lines parallel to the 
side of the dyke, stream round the larger felspar crystals (Plate X. 
fig. 12). 

* Proc. Nat. Hist. Soc. Bristol, vol. ii. pt. 2, p. 115 (1879). 
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Some of the dykes or veins are only three inches broad. They 
send out fingers, and sometimes break abruptly across from one line 
to another. They appear generally to have followed the lines of 
joint in the granite, as Mr. Tawney has observed*; consequently 
they must be posterior to the development of the system of jointing 
in that rock. In many places, particularly in the quarries in the 
Allan valley, between St. David’s and Porth-clais, there is evidence 
of great pressure having been exercised on the rocks subsequent to 
the intrusion of the dykes; for the latter are much jointed and 
slickensided, and even a rude kind of cleavage may occasionally be 
observed in them. 

Besides the abundant dykes, there has been a more limited extru- 
sion of the same material in sheets parallel (or approximately so) 
to the bedding of the sandstones and shales. These sheets are well 
displayed at St. John’s Point, where evidence of their being intrusive, 
and not truly bedded, may be seen along the fine cliffs which have 
been cut by the waves on this part of the coast-line. 


6. ConcLusion. 


In concluding these observations, I may present a brief summary 
of what appears to me to have been the geological history of the St. 
David’s district. 

At some remote epoch in the Lower Cambrian period active vol- 
canic vents, probably submarine, existed in the west of Pembroke- 
shire. From these vents successive showers of volcanic detritus 
and occasional streams of lava were emitted, until a pile of volcanic 
material at least 1800 feet thick had accumulated. Most of the 
discharges of dust and stones were due to the disruption of basic 
lavas; but at successive intervals copious showers of felsitic debris 
were also erupted. All the lavas poured out at the surface appear 
to have been of a basic character (olivine diabase). As volcanic 
activity died out, ordinary sedimentation was resumed, and the rest 
of the Harlech and succeeding groups of the Cambrian system were 
deposited. 

At a later period the whole of these rock-groups, which had been 
laid down continuously without discordance, were subjected to dis- 
turbance, the principal effect of which was to throw them into an 
arch, and to bend over this arch into an isocline, with a general 
inclination towards the north-west. The strata likewise underwent 
a wide-spread foliation, which, in accordance with the structure 
and composition of the rocks affected, was chiefly developed in certain 
kinds of material. 

Subsequent to these changes the south-eastern side of the fold 
was invaded by the rise of a mass of granite with the usual peri- 
pheral quartz porphyries. Accompanying and outlasting this intru- 
sion, a process of metamorphism went on, the effect of which has 
been to change fine felsitic tuffs or shales into hard fiinty translu- 
cent masses, and to superinduce in them a finely crystalline structure 

* Proc. Nat. Hist. Soc. Bristol, vol. ii. pt. 2,,p. 115 (1879) 
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with the development of porphyritic-felspar crystals and veins and 
threads of crystalline quartz. 

It is suggested for future inquiry whether the granite and accom- 
panyling porphyries can possibly represent the roots of any of the 
palzeozoic volcanoes which played so important a part in the geologi- 
cal history of Pembrokeshire, as well as in the rest of Wales, during 
the Lower Silurian period. 

The last episode is that of the diabase dykes, which represent the 
third and final outbreak of eruptive rocks in the St. Dayid’s district. 
These dykes rise particularly through the central core of granite, as 
through an old area of weakness. Whether they were connected 
with any outpouring of lava at the surface cannot be decided ; nor 
does there appear to be any evidence that might lead even to an 
approximation to their relative geological date. 


EXPLANATION OF PLATES VIII.-X. 


Puate VIII. 
Geological Sketch map of the St. David’s district (p. 268). 


Prats IX.* 


Fig. 1. Microscopie section of volcanic tuff, near Pen-y-foel, St. David's, 
X 25 diameters. (See p. 298.) 

2. Ditto of fragment of lava in tuff, Pen-y-foel, x 100 diam. The 
large crystal shows the perfect form occasionally assumed by the 
augite in the lapilli of the basic tuffs. The finely cellular struc- 
ture is also represented. (See p. 298.) 

3. Ditto of band of tuff from red shales, with Lingulella primeva, 
Castell, Ramsey Sound, viewed by polarized light, with crossed 
nicols.. The half marked A, X 50 diam. ; that marked B x 100 
diam. The portions here drawn were selected to show the way 
in Boo. scattered felspars occur among the other lapilli. (See 

299 

4, Ditto of olivine diabase from near Pen-y-foel, x 100 diam., 
showing the remarkably well developed forms presented by the 
olivine. (See p. 304.) 

5. Ditto of schist, roadside north of St. David’s, x 100 diameters. The 
granular- -shaded parts are the abundant green chloritic consti- 
tuent, separated into elongated nests, between which the foliation 
is well marked. Here and there orthoclase, magnetite, or other 
mineral has crystallized out. (See p. 311.) 

6. Ditto of schist, Ogfeydd-duon, x 100 diam. Among the consti- 
tuents occasional rounded grains of quartz appear, as on the 
right-hand margin of the slide. (See p. 311.) 


Puate X. 
Fig. 7. Microscopic section of schist, with crumpled folia, from roadside 
section north of St. David's x 100 diam. (See p. 312.) 
8. Ditto of schist, with refoliation, from Porth-clais, x 25 diam. 


* The drawings from which these plates of microscopic structure have been 
prepared were made for me by my colleague Mr. F. W. Rudler, to whom my 
best thanks are due. 
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The older foliation is seen in the bands that run from the lower 
to the upper margin of the drawing. These bands have been dis- 
rupted, and a second feebler foliation has been developed along 
the lines drawn across the section from side to side. (See p. 318.) 
Fig. 9. Microscopic section of spherulitic quartz porphyry, from Board 
Schools, St. David’s, viewed under polarized light, with crossed 
nicols, X 25 diam. (See p. 315.) One of the large quartz 
crystals appears in the upper left-hand corner. The beautifully 
perfect spherulites are surrounded by the microcrystalline base. 

10. Ditto of spherulitic quartz porphyry, from below Nun’s Chapel, 
St. David’s, polarized light, crossed nicols, X 100 diam. This 
drawing (magnified four times as much as fig. 9) shows the struc- 

ture of one of the more finely spherulitic porphyries, the very 

variable size of the spherulites, their isolation in the finely ery- 

stalline base, and the presence of rounded blebs of quartz, one of 

which appears on the left-hand margin of the drawing. (See 
. 815. 

11. Ditto of granite from Bryn-y-Garn, polarized light, crossed nicols, 
x 25 diam, showing the distinctly granitic structure of the rock. 
(See p. 313.) 

12, Ditto of a diabase dyke, showing fluxion-structure, from cove east 
of Nun’s Chapel, X 50 diam. The upper part of the drawing 
marks the zone of contact between the diabase and the stratified 
rock; and immediately beyond it the numerous well-formed plagio- 
clase crystals appear, first parallel to the wall and then streaming 

.round what was originally a crystal, possibly of hornblende, but 
is now a mass of chlorite and other decomposition-products. (See 


p. 323.) 


Discussion 


(On Part I., March 21, 1883). 


The Presippnt remarked upon the great importance and interest 
of the subject discussed in the paper. 

Dr. Hicxs said that he commenced the study of these rocks in 
1863, and afterwards carried on his researches in connexion with 
a former Member of the Geological Survey (Mr. Salter), and in 
consequence he was led to the discovery of the Menevian, Lower 
Cambrian, and other faunas. He disproved Sir R. Murchison’s 
views that these fossils did not occurin the red rocks, and traced 
fossils down to the base of the Cambrian. He pointed out that the 
rock called by the Survey syenite, at Clegyr Hill, Nun’s Chapel, and 
elsewhere, was a stratified rock, fragments of which occur as pebbles 
in the overlying conglomerates. He showed somewhat later that 
the ridge of crystalline or granitoid rocks, with its altered beds on 
each side, was Pre-Cambrian. Subsequently, with the aid of the 
late Prof. Harkness, Mr. Davies, and others, he was able to show 
that the granitoid rock was not intrusive, but had more the character 
of a metamorphic rock. The author of the present paper had mis- 
taken some of his statements, which referred to N. Wales and 
Anglesey, as applying to St. David’s. He thought that these so- 
called syenites had more of the peculiar characters of true granitoid 
rocks; and this was especially shown by their peculiar fracture. 
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He remarked on the general parallelism of the igneous intrusions 
along bedding-planes in great formations, and on their presence 
in the Dimetian as haying a bearing on the probable strike in that 
formation. He proceeded to criticise the sections as given, which, he 
said, were not borne out by the actual facts, as he could vouch for 
from a thorough knowledge of the district. Professor Ramsay had 
agreed with him as to the great amount of faulting near Porth-clais; 
but Prof. Geikie admitted no faults. He instanced the special section 
cited at the Allan valley as illustrating the ignoring of faults by 
the author; and he produced specimens from the point to show there 
had been no alteration from the supposed intrusion. On the theory 
of intrusion, how could the presence of the conglomerates at Ogof- 
Llesugn be accounted for? These conglomerates are not more altered 
than those frequently found at a distance from the Dimetian ; but 
the author had been deceived by the effect of crushing, and by an 
appearance due to the fact that the matrix was the recemented 
arkose-like material derived from the denudation of the Dimetian. 
With respect to the porphyry of Nun’s Well, he had himself figured 
it as an intrusive rock, but had shown that it does not penetrate the 
Cambrian conglomerates. He pointed out that a large area of 
quartz porphyries near St. David’s had been quite overlooked by the 
author ; and that the great so-called intrusive band in the Survey 
Map of 1857 is made up of quartz felsites, breccias, and sedimentary 
beds, that its boundaries are incorrect, and, he was now compelled to 
say, that many other masses in the district are equally wrongly 
coloured and defined in that Map. The junction at Ogof-Llesugn 
and at Porth-lisky was clearly not an intrusive, but a faulted junction. 
At Porth-lisky the unconformity between Pebidian and Dimetian 
was manifest. On the western side of the district the unconformity 
of the Cambrian is proved by an overlap of the series below. 
The so-called tuff in the Cambrian he had examined, and found 
to be merely derivative from the underlying Pebidian rocks. Other 
bands he had shown to be intrusions along bedding-planes. 

Mr. Torry said that he had had the advantage of visiting the 
district with both Dr. Hicks and Mr. Geikie. He had great difficulty 
in discriminating between joints and so-called bedding-planes in the 
Dimetian and Arvonian when he visited the district with Dr. Hicks. 
He admitted many errors in the old Geological Survey Map, which are 
due to the hasty way in which it must have been constructed. He 
confirmed Mr. Geikie’s views as to the section at Porth-clais. With 
regard to the Pebidian, Dr. Hicks admitted a general conformity 
of strike ; aud he (Mr. Topley) could not admit that the presence of 
a few fragments of the underlying volcanic rocks in the Cambrian 
quartzite conglomerate had the significance insisted upon by the 
advocates of the Pre-Cambrian. The author of the paper had 
shown the presence of contemporaneous volcanic tuff in the un- 
doubted Cambrians. The same metamorphism has affected both the 
Cambrian and the underlying beds. He believed that Prof. Ramsay’s 
old views would in the end prevail. 

Mr. T. Davies found, on reexamining his sections of Dr. Hicks’s 

2B 2 
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rocks, that he had nothing to withdraw. He protested against the — 
rock in question being called granite. It had neither the minera- 
logical’ composition nor the structure of granite. Many of the 
supposed quartzite pebbles, on careful examination, proved not to 
be such, but a rock similar to Dimetian granitoid rocks. 

Mr. Peach maintained that the Survey had never mapped the 
beds at Nun’s Chapel as syenite, and insisted that many of Dr. 
Hicks’s supposed facts would not bear examination. It was not 
true that they recognized no faults. At Ogof-Llesugn the conglo- 
merate was found welded with and kneaded into the granite. 

Prof. Hueuzs said he would not criticise the details of the 
boundary-lines, but confine himself to the larger question. He 
pointed out that in this, as in other similar areas, there was at the 
base of the Cambrian a group of rocks which, for our present 
purpose, might be conveniently divided into two series, an upper 
voleanic series and a lower gneissic series. Where the gneissic 
series consisted of alternations of granitoid rock, true gneiss, and 
schists, however pierced by elvans and other intrusions, it was 
possible to make out the strike; but where, as at St. David’s, the 
granitoid rock was developed at the expense of the schistose portions, 
it was impossible to say which of the divisional planes coincided 
with original bedding, and often difficult to feel sure about the 
simply metamorphosed and the intruded portions. 

- If these were the result of extreme metamorphism of the lowest 
portion of a volcanic series, it was natural that they should be 
variable, and that the next overlying series should be of irregular 
character and occurrence. Higher up in the group there were beds 
of ordinary volcanic ejectamenta less altered. 

‘These types, in some form or other, were generally found in every 
Archean area in Britain. 

The Cambrian basement beds rested irregularly on various parts 
of this Archean group, and contained fragments of the older rocks, 
as might be seen in the conglomerate south of Clegyr, not always 
chiefly of the immediately underlying beds; for that depended upon 
the drift of the shingle. The granitoid rocks, being the lowest, were 
less exposed, and so furnished less of the material; and that was 
readily broken up and decomposed, so as to form a kind of Arkose, 
which resembles and sticks close to the granitoid rocks when it rests 
on them. He thought that there was an Archean group at St. 
David’s cut off by an enormous break from the Cambrian. 

Professor Bonney stated that, putting aside minor points, there . 
were three main questions on which he would venture a few 
remarks. First, as regards the Arvonian group of Dr. Hicks, he 
had for some time both entertained and expressed the opinion that 
Dr. Hicks had been unfortunate in creating this formation, because 
in it he had included rocks of very different characters, and pro- 
bably very different ages. Secondly, as regards the “ Dimetian ” 
of .St. David’s, two points were raised by the author touching the 
nature and the age of the rock. It was no doubt most difficult to 
decide whether the rock was igneous or metamorphic. Some of 
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the arguments formerly relied upon by Dr. Hicks to prove its meta- 
morphic origin were certainly untenable; but that was admitted by 
Dr. Hicks himself, so that the Director-General had merely stated 
what was well known to most petrologists. At the same time there 
was a something, hard to describe in words, that differentiated this 
crystalline rock of St. David’s from all the undoubted granites with 
which the speaker was acquainted, and he still thought it probable 
that it, like the granitoid rock of Twt Hill, Llanfaelog (Anglesey), 
Edcal Hill, &c., was really metamorphic. Next, as regards its age: 
he had carefully examined two out of the three sections relied on by 
the Director-General to prove the intrusive nature of the rock. Of 
intrusion he had been unable to see the slightest evidence, whether 
at Porth-clais or Ogof-Llesugn. The appearances at the latter place 
were undoubtedly difficult to explain ; but an intrusion of the Dime- 
tian appeared to him a most improbable suggestion. Further, the 
present materials of the Cambrian conglomerates of Dr. Hicks had 
evidently been derived from the destruction of quartzo-felspathic 
rock, and the quartz-grains corresponded remarkably as to their 
cavities &c. with the quartz-grains in the Dimetian. The micro- 
scopic structure of this conglomerate bore asingular resemblance to 
that of some conglomerates in North Wales which had been proved 
to be formed out of the ruins of a more ancient granitoid rock. 
Hence it was almost certain the Dimetian was older than the con- 
glomerate. Lastly, as regards the separation of the Pebidian from 
the Cambrian, to himself there appeared to be an unconformity 
at the base of the quartz conglomerate; certainly there was an 
entire change in the lithological character of the deposits. In the 
Pebidian yolcanic material predominated, the finer detrital beds 
were more indurated, and there was an incipient metamorphism. 
The conglomerate introduced a series of beds different in aspect, 
colour, materials, and condition. He did not say, and never had 
thought, that the break between Cambrian and Pebidian was neces- 
sarily a very great one; but it was perhaps as good physically as 
that between Upper and Lower Silurian, and, at any rate, a better 
physical break than could be found anywhere between itself and the 
Llandovery. Hence he must consider the two cardinal points of the 
Director-General’s paper to be ‘“‘ not proven.” Some mistakes, most 
of them already admitted, he had detected in Dr. Hicks’s work; but 
considering the date and the circumstances it was a very small dis- 
credit to have erred occasionally. 

Prof. Lapworth thought that in the stratigraphical part of the 
subject the author had failed to prove his point with regard to the 
intrusion of the granitic rock. The supposed intrusions appeared to 
be nothing but overturn faults, such as occur in all old crumpled 
districts. He asked if the name Cambrian was to be carried down 
indefinitely. He had found rocks resembling these Pebidian volcanic 
beds underlying fossiliferous Cambrian strata in Central England 
and round the Longmynd. 

The AvurHor said that he was placed at a disadvantage by his 
paper being split up into two portions ; the second part would reply 


330 A. GELKIE ON THE SUPPOSED 


to many of the objections. He disclaimed any idea of charging 
Dr. Hicks with acting unfairly ; he thought he had made a mistake. 
M. Renard agreed with himself as to the non-gneissic character of 
the so-called Dimetian. He thought Dr. Hicks would himself be 
prepared to give up the Arvonian. He saw no reason why fossils 
should not be found in stratified volcanic tuffs of the so-called 
Pebidian. The conglomerates do not contain the characteristic rocks 
of the St. David’s district. He deferred further reply till his 
second part was read. 


Discussion 


(On Part II., April 11, 1883). 


Tus Pruestpent asked for a calm and judicial discussion of the 
weighty problems treated of in the paper. 

Dr. Hicks stated that since the last meeting he had revisited the 
district with Prof. Hughes and ten excellent trained observers from 
Cambridge. This examination confirmed to the fullest extent the 
views expressed by Prof. Hughes and himself at the last meeting, 
and it proved also that the supposed facts relied upon by the author 
to support his views were clearly mistakes made by the author from an 
imperfect acquaintance with the district and the rocks. By the admis- 
sion of the author the appearances are abnormal in the St. David’s area. 
With respect to the intrusive character of the so-called granite, he 
asked what had become of the materials displaced by the intrusion. 
He regarded the so-called tuffs alternating with the Cambrian con- 
glomerates as derivative rocks, full of quartz-grains &e. The junc- 
tion of the sedimentary rocks with the granitoid rock was a faulted 
and not an intrusive junction. The fault was marked by slicken- 
sides, but not by any contact metamorphism. He demurred to the 
author’s views as to the double series of foliations. He showed 
that while a dyke of greenstone 50 yards wide had produced 
enormous alteration in the surrounding rocks, the great granitoid 
mass had produced no alteration. At Ogof-llesugn, a place speci- 
ally referred to by the author, it was possible to get between the 
Dimetian and the quite unaltered Cambrian conglomerate. Another 
mass of conglomerate was jammed in through the action of a fault. 
The amount of faulting and crushing in this area was enormous—a 
fact which did not seem to have been recognized at all by the 
author of the paper. ‘The supposed porphyries in the Pebidian were 
really for the most part indurated ash. The author now admitted 
that unconformity existed between the Pebidian and the Cam- 
brians. Examined with more care than appeared to have been 
given to it by the author, the conglomerate was found to consist in 
very large part of the Pebidian rocks, and of derivative materials 
from the still older Arvonian and Dimetian series. This fact was 
remarkably confirmed in Ramsey Island. He maintained the ex- 
istence of a great unconformity between the Pebidian and the Cam- 
brian conglomerates, the materials of the former having been meta- 
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morphosed before the deposition of the latter. He pointed out the 
existence of great masses of agglomerate in the midst of the supposed 
intrusive masses. 

Mr. Peace stated that, taking Dr. Hicks’s own sections, published 
in the Quart. Journ. Geol. Soc. vol. xxxiv., it was clear that the strata 
are repeated by a great inverted fold, and the beds can be identified 
member by member (from Dr. Hicks’s description) on the two 
sides of the axis. From these sections of Dr. Hicks’s he argued 
that the Cambrian conglomerate rests always on the same member 
of the underlying beds, and there could be no unconformity. He 
regarded the so-called Pebidian pebbles as segregations and not 
pebbles. 

Mr. Huptzston stated the results of an examination made of the 
district in 1877 in company with Dr Hicks and the late Mr. Taw- 
ney. Atthat time Dr. Hicks had not recognized the volcanic origin 
of the Pebidians. No one could suppose the Pebidians to be of suffi- 
cient importance to constitute a system by themselves; and the great 
question was whether they should be grouped with the Cambrian or 
the Archean. He had difficulty in recognizing the supposed uncon- 
formity between the Cambrian and the Pebidian, and he thought 
that the volcanic series was the natural base of the Cambrian system. 

Mr. Taxi called attention to the fact that diabase dykes in the 
granite were represented on Prof. Geikie’s map as terminating at 
the junction with the Cambrian. He asked if this did not imply 
that they were Pre-Cambrian and of the age of the diabase tufts. 

Mr. Torrey in reply stated that the faults invoked by Dr. Hicks 
would account for the non—passage of a dyke from the granite 
into the Cambrians. Dr. Hicks had not distinguished between 
local and regional metamorphism. ‘The specimens from the conglo- 
merate exhibited by Dr. Hicks were certainly exceptional; but the 
ereat mass of the conglomerates are of quartzose character. Local 
and small unconformities between the Cambrian conglomerates and 
the main voleanic group (Pebidian) had been admitted both at this 
and at the last meeting; but he differed from Dr. Hicks as to the 
great significance to be attached to them. 

Dr. Cattaway objected to Prof. Geikie’s views as to bleaching 
and induration being proofs of local metamorphism ; he regarded 
them on the contrary as evidence of faulted junction, the result of 
pressure and the infiltration of water. He did not think Dr. Hicks 
was justified in insisting on the Arvonian formation. He remarked 
that the key found by Dr. Hicks at St. David’s had supplied us with 
an explanation of most of the similar Archean series in England 
and Wales, which was a great confirmation of the truth of the theory. 

Mr. Rurizy said that some of the felsites of the district resembled 
certain spherulitic rhyolites. He thought that they represented 
a transition between granitic rocks and ordinary rhyolitic lavas. 
Most of the Welsh lavas of the same kind with which he was 
acquainted were of Lower Silurian age. 

Mr. T. Davies could not agree with the author in regarding the 
so-called Dimetian as a granite. It contained no mica, nor had it 
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contained any ; for he could not regard the green mineral as the re- 
sult of the alteration of mica in situ, but rather as derived from the 
interbedded basic rocks. Among 500 specimens of granite from 
about 400. localities he could find nothing resembling the St. David’s 
rock, and he could not regard the latter as a granite at all. A rock 
in the very heart of this supposed intrusive mass was found to be a 
breccia with fragments (some of them waterworn) of the stratified 
rock of the district. 

Prof. Renarp said that he had had a collection of specimens and 
of microscopic slides from the rocks of St. David’s submitted to him 
by the author, and had examined them im concert with Professor 
Zirkel, of Leipzig, and Professor Wichmann, of Utrecht. The con- 
clusions arrived at regarding them were as follows :— 

1. The so-called “ Dimetian” rock of St. David’s is unquestion- 
ably a true granite. 

2. The quartz porphyries are just such rocks as might be expected 
to occur as apophyses of the granite; and the specimens from Bryn- 
y-Garn, Rock House, and St. David’s left no doubt on our minds 
that such is really their origin. They cannot be confounded with 
rhyolitic lavas. : 

3. The conglomerate from the granite-contact shows secondary 
quartz between its pebbles. 

4. The bands of fine tuff found intercalated with, and on various 
horizons above, the conglomerate, consist of true tuff, and cannot 
have been derived from the mere superficial waste of older volcanic 
rocks. 

5. Fine foliation is well developed among the strata above the 
conglomerate as well as in the volcanic group below. . 
Mr. T. Davies did not admit that some of the rocks cited by M. 

Renard were granites at all. 

Mr. J. A. Puiriies had found in the St. David’s rock something 
which much resembled a crystal of mica undergoing alteration into 
epidote. 

Prof. Bonnry stated that his remarks at the last meeting were 
founded upon a knowledge of the whole argument of the paper, 
which he had read through as Secretary, but that he would now cri- 
ticise a few details in the present part. He thought that there 
were in North Wales volcanic materials in positions similar to those 
at St. David’s. He criticised some of the mineralogical details of 
the paper, pointing out that the presence of the so-called sericite 
proved very little either way. The quartz porphyries might, no 
doubt, be extensions of a granitic mass; but granitoid rock in North 
Wales and at the Wrekin was distinctly cut by rather similar quartz 
porphyries. For himself he thought that on the whole the conglo- 
merate made a good base for the Cambrian ; and he felt certain that 
whatever the so-called Dimetian might be, it was older than the 
Cambrian conglomerate. 

The Avrnor pointed out that certain sections of Dr. Hicks were 
not only incorrect but quite impossible. Dr. Hicks had put in faults 
in the most reckless manner ; but, granting them, they did not dis- 
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prove the author’s views as to the relations of the beds. Dr. 
Hicks’s views as to the remanié character of the tuffs alternating 
with the conglomerate were contradicted by the careful study of Drs. 
Zirkel and Wichmann and M. Renard. Dr. Hicks had been recently 
to St. David’s, but he was quite unable to produce a pebble of Di- 
metian from the Conglomerate. He controverted Dr. Hicks’s views 
as to the section at Ogof-llesugn. He stated that the diabase dykes 
cut through both the granite and the Cambrian conglomerate of 
the district, though they are most abundant in the former. In reply 
to Prof. Bonney, he stated that microcline was regarded by conti- 
nental workers as characteristic of granite rather than of gneiss. 
He asserted that none of the conclusions of his paper had been 
shaken by the discussion. He disclaimed all wish to interfere in 
this controversy in the first instance; but it was from a sense of 
duty that he came forward and defended the views of his pre- 
decessors. 
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20. On the Sxvtt of Mueatosavrus. By Prof. Owen, C.B., F.R.S., 
F.G.8., &. (Read April 25, 1883.) 


[Puate XI. | 


Since the description of the fossils on which the genus and species 
(Megalosaurus Bucklandi) was founded *, the additional specimens 
‘have been, mainly, parts of the trunk and limbs. . To the mandi- 
bular and dental fossils have been added two portions of the 
upper jaw, now in the Oxford Museum, on which Professor Phillips 
has founded the restoration of the skull given in Diagram lvii. of 
his ‘ Geology of Oxford’ +. 

Acceptable, therefore, were the additional cranial and dental 
evidences obtained by Edward Cleminshaw, Hsq., M.A., F.G.S., of 
Greenhill, Sherborne, Dorset, from the freestone of the ‘ Inferior 
Oolite,’ near. Sherborne t. Blocks of this stone were in course of 
preparation for a building, when, indications of imbedded fossils 
being detected by Mr. Cleminshaw on fractured surfaces of the 
quarry-stones, he withdrew all such from the building-yard and 
transmitted them to the British Museum for identification. 

Further requisite development of these remains having been there 
carried out, the following descriptions and drawings are now sub- 
mitted to the Geological ‘Society. 

In the section devoted to the genus Megalosaurus in. vol. 1. 
pp. 329-354 of the undercited work §, the materials for a recon- 
struction of the skull were limited to portions of the mandible and 
divers teeth therein implanted or detached. The most instructive 
of these was a portion of the lower jaw, in the collection of His 
Grace the Duke of Marlborough, from the same formation (Oolitic 
Slate, Oxford) as that which had afforded Buckland the materials for 
the species which bears his name. The other localities, yielding 
the detached teeth figured in my ‘ Dinosauria, plate 33, were the 
‘Corn-brash’ of Oxfordshire, the ‘Bath Oolite’ of Somerset- 
shire, and the ‘ Wealden’ of Sussex ||. 

The differences shown by the mandibular specimens were limited 
to size—the vertical diameter of the deepest part of the type man- 
dible being 34 inches, while that of the Blenheim specimen gave 
44 inches. But as the teeth retained in these mandibular pieces 


* Buckland (Rev. Wm., F.R.S., G.S.), “Notice on the Megalosaurus,” &c., in 
‘Transactions of the Geological Society of London,’ 2nd series, vol. 1. 1824, 
pp. 390-396, plates xl.—xliv. 

t 8vo, 1871, p. 199; see also Prof. Huxley, Quart. Journ. Geol. Soc. vol. xxv. 
eGo ap. oll, pl. xii.; and Prof. H. A. Nicholson, ‘ Ancient Life-history of 
the Earth,’ 8yo, 1877, p. 249. 

t ‘ Dorset County Ghnanitler June 15th, 1882, “ Report of a Meeting of the 
Dorset Natural-History and Antiquarian Field Club.” 

§ Owen, British Fossil Reptiles, 4to, 1855. 

|| Z0cd. p. 351. 
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were of the same size, as well as form and structure, there was no 
ground for predicating distinction of species. 

In the Blenheim specimen I was permitted to expose the germs 
and portions of the successional teeth concealed in the substance of 
the mandible *. 

Before entering on the description of the first of the present series 
of fossils which demonstrates cranial characters not hitherto de- 
termined, I may premise that existing Saurians show differences in 
the degree of ossification of the outer wall of the facial part of the 
skull. 

In Crocodilia it is entire from the relatively small orbit behind 
to the smaller single nostril in front; and there is no break in that 
wall in modern and tertiary species, answering to the antorbital 
vacuity in Liassic genera; but this opening, recalling the antorbital 
nostril of Jchthyosaurus, is very small and is margined by the 
maxillary, lacrymal, and nasal bones. 

In existing Lacertians much difference is seen in this character ; 
but in none is the face so completely ossified as in the Crocodiles. 
The Monitors (Zhorictes, Tupinambis) come nearest thereto, the 
nostril being divided from the orbit by a broad triangular facial 
plate of the maxillary, supplemented behind by a narrow malo- 
lacrymal one. In Lacerta the lacrymal enters in larger proportion 
into the formation of this part of the bony face, and the external 
nostrils are relatively wider. In Jguana the facial wall dividing 
the nostril from the orbit is relatively narrower, and the apex of the 
maxillary process is further removed by a large interposed lacrymal 
from the nasal bone. But in the Lacertians with a carnivorous 
dentition (Hydrosaurus, Varanus) the outer bony nostrils are re- 
markable for their great relative size, especially length; and the 
maxillary sends upward and backward a long but narrow pointed 
plate, which, in Varanus bivittatus, crosses in front of a small 
lacrymal bone to articulate with the prefrontal. 

Here we attain the cranial modification which forms the best 
euide to the interpretation of the appearances presented by the 
fossil, the subject of Plate XI. fig. 1, and restored on a Varanian 
type in the Cut, p. 340. 

But, before entering on this comparative survey, I may note the 
corresponding degree of resemblance which the skull of Iguanodon 
presents to those of the herbivorous and mixed-feeding Lacertians, 
Iguana and Thorictes, with correspondingly adaptive shapes of the 
teeth. In the relative size of the external nostril Iguanodon Foxti 
resembles Zupinambis more than it does [gwana with the larger nostril ; 
and the side wall between nostril and orbit is relatively broader and 
more extensive in Jguana than in either of the blunt-or thick- 
toothed Lacertians. I may remark also that, as usual in the larger 
forms, the orbits are relatively smaller than in the dwarfed kinds. 

In all the Lacertians here compared, teeth are developed from the 
whole (Jguana, Tupinambis), or nearly the whole (Hydrosaurus, 
Varanus), of the alveolar border of the maxillary ; consequently this 

* See ‘Remarks’ thereon in the volume above cited. 
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dental series extends beneath both nasal and orbital vacuities, but 
for a less extent in the carnivorous than in the herbivorous Lacer- 
tians. NScelidosaurus, in the degree and kind of its facial ossifica- 
tion, repeats the mammalian character exemplified in [qguanodon*. 

Of the subjects of the present paper the first block of lower 
oolitic freestone includes a great proportion of the right side of the 
facial part of the skull (Plate XI. fig. 1). The missing parts are 
the fore end of the premaxillary, 22’, and the hind or suborbital 
end of the maxillary, 21!; the upper and hinder pointed termination 
of the facial process, f, of the maxillary, is likewise wanting. 

The length of this facial fossil is 1 foot 37 inches; its height from 
the upper angle, a, of the maxillary process to the tip of the sub- 
jacent tooth ¢, im setw, is 9 inches. 

Of the premaxillaryare preserved part of the nasal process, 22", and 
so much of the alveolar part, 22, as lodges two fully developed and 
protruded teeth and the socket of a third: an intervening part of 
the bone has been chiselled away to admit a wedge for the quarrying- 
operations ; the length of the preserved premaxillary nasal process, 
22", is 4 inches, the breadth of its base is 1 inch; it narrows to its 
apex, being limited to the fore and under part of the large bony 
narial vacuity, n, in the present specimen. 

So much of 22'’ as is preserved forms rather more than one third 
of the lower border of the external nostril, n, the rest of that border 
with the hinder boundary, a, being contributed by the maxillary, 
21’. The limitary suture between these bones is distinct. 

The preserved length of the alveolar part of the maxillary, 21, 21, 
is 1 foot: the upper border of this part contributes an equal share 
to the large narial (n) and orbital (o) vacuities; but these portions of 
such tooth-bearing part of the upper jaw combine to form the base 
of the facial process, a f, which is between four and five inches in 
extent: its breadth, at one inch above the border line, 22”, is three 
inches ; this breadth is nearly preserved to the angle, a, about six 
inches above the alveolar border, at which angle the maxillary is 
continued backward, above the fore part of the orbit, gradually 
narrowing to the point, f’, which is here broken off. 

Much of the outer wall of the alveolar part of the maxillary 
adheres to the block of freestone in which the counterpart of the 
above-described cranial fossil is preserved: but this counterpart 
shows only the impressions of the teeth, which are well preserved 
in the block containing the chief part of the fossil. Of these teeth 
four are premaxillary, the rest maxillary. 

The teeth closely repeat the characters of previously described 
dental evidences of Megalosaurus Buckland. 

Of the foremost preserved premaxillary tooth, 2 inches of the crown 
remain, with half an inch of a mutilated base ; the next tooth is re- 
presented by asmaller protruded apical part of the crown. The socket 
of the larger intervening tooth is broken away with the implanted 
tooth-root, exposing the pulp-cavity. Theimpression of the broken 


* Monograph in the volume of the Palzontographical Society for the year 
1861, tab. v. fig. 1. 
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and missing part of the smaller premaxillary tooth gives two inches 
of length to this tooth; the implanted remainder of both teeth has gone 
with the supporting bone. In advance of the larger premaxillary 
tooth is an elliptical cross-fractured basal part of a third (the an- 
terior) tooth, showing a long diameter of nearly half an inch. 

Ten teeth are preserved in the maxillary bone. Between the 
foremost, third, and fifth are crowns of successional or undeveloped 
teeth. Of the foremost of these (second in the series) the apex only 
of the crown has appeared above its socket; the rest of the tooth 
is exposed by removal of the socket’s outer wall: a length of 
enamelled crown of 2 inches 5 lines is thus shown. ‘The length of 
the protruded crown of the first maxillary tooth is 1 inch 9 lines ; 
that of the third tooth is 2 inches 3 lines; its total length is 5 
inches. Of the fourth tooth the apical half-inch of the crown is 
protruded: the total length exposed in the quarrying is 33 inches. 
The similarly shuwn length of the fifth tooth is 4 inches 9 lines, 
that of the enamelled crown being 3 inches. The sixth tooth shows 
2 inches of free enamelled crown, and 23 inches of the rooted 
cement-clad part, the latter exposed by loss of the bone. The 
seventh maxillary tooth is represented by a smaller proportion of the 
protruded crown. The eighth tooth is a functional fully developed 
one, but of smaller size than the third and fifth. The apical half of 
a somewhat smaller crown of a ninth tooth has emerged ; and behind 
this is the indication of a fully developed tenth tooth, not larger 
than the eighth. I cannot predicate with confidence the existence 
of an eleventh maxillary tooth. The crown of such exposed tooth 
on the transversely fractured surface of the block may have come 
from the lower jaw. 

Of the maxillary teeth the four or five hinder ones are suborbital, 
the three front ones are subnarial ; the three intermediate teeth, in- 
cluding those with longest and largest crowns, received the support, 
in biting action, of the base of the facial process, a 

At the fore part of the orbital cavity are two thin vsseous plates, 
é, €, convex outwardly, of subtriangular form, with the apex 
naturally cut off so as to contribute half the circumference of a 
protruding circular space, half an inch across, exposing the matrix : 
the margin of this circular aperture is slightly raised. These 
plates show, or have been resolved into, three lameile, each less 
than a millimetre in thickness: part of one lamella, and an impres- 
sion of another, are shown on the slab containing the teeth and bones ; 
parts of three lamellee of one of the plates adhere tu the counterpart 
block. The matrix near what seems to be the pupillary border is 
stained of a darker colour than the rest. JI deem it probable that 
we have here an indication of the eye-ball of the Megalosaur, and 
that the pupillary corneal part of the ball was strengthened by a 
few large sclerotic plates. The indicated diameter of such eye-ball 
is two inches. The attention devoted to this part of the fossil was 
requisite to determine whether it might be part of a lacrymal bone 
or of the sclerotic. 

The orbit in its great relative size and departure from the usual 
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circular form finds, amongst existing Saurians, its nearest approach 
in the large carnivorous Varanians. The comparatively small 
size of the eye-ball accords with the hugeness and carnivority of the 
extinct terrestrial Dinosaur. 

An indication that the lower jaw had been enclosed, with the por- 
tion of the upper one above described, in the same mass of matrix, 
is given by the impression of the crown of the mandibular tooth 
projecting into the interval between the third and fourth maxillary 
teeth, in the block exposing the upper jaw, the tooth leaving that 
impression being preserved in the counterpart block. The extent 
of the mandibular tooth so preserved measures 1 inch 8 lines, and 
includes the upper two thirds of the crown: the breadth of the 
fracture is 8 lines; and this exposes the termination of the pulp- 
cavity. 

I afer therefore that the portions of mandible with teeth next 
to be described are not only Megalosaurian, but formed parts of the 
same individual as the preceding fossil. They were worked out of 
separate blocks of freestone which were in contiguity prior to the 
masonic operations. 

The first portion shows the outer side of the anterior ten inches of 
theright mandibular ramus, a portion of which, two thirds the natural 
size, is shown in fig. 3. The vertical diameter of the bone is 24 
inches at two inches distance from the fore end, and 22 inches 
at the opposite fractured end. The symphysial profile is obtusely 
rounded or moderately convex, as shown in the restoration of the 
skull (Cut, p.340). The foremost tooth rises at half an inch therefrom. 
This tooth gives an exserted length of crown of 27 inches, with a 
basal breadth of 9 lines. An interval of nearly one inch divides it 
from the second tooth, also fully developed, but with the apical half 
of the crown broken away. The third, fourth, and fifth mandibular 
teeth rise at similar intervals; and only the fifth falls short of full 
protrusion, the upper two thirds of the crown appearing above the 
alveolar border. ‘The base of a sixth tooth, with a large formative 
cavity, is discernible, with the usual interval between it and the 
fifth. So much of the outer surface of the bone as remains indicates 
a shallow longitudinal groove, nearly midway between the upper 
and lower margins, and disappearing beneath the second tooth in 
place: anterior to this the bone shows a few irregular shallow pits, 
some of which, occupied by matrix, indicate nervous or vascular 
foramina. In the same block are two fragments of probably the 
left ramus of the same jaw, each in connexion with, or lodging, a 
portion of a fully developed tooth. 

A larger portion (fig. 2), which has been freed from another block, 
consists of the anterior part of the left mandibular ramus of the 
same skull, 8 inches in length, but wanting the symphysial end. 
On its outer side it repeats the longitudinal groove, here extending 
backward three inches beyond the part interrupted in the right 
ramus. In advance of this groove there are similar depressions and 
indications of the small nervo-vascular foramina. As the lower border 
of the present fragment begins to bend upward at the anterior 
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fracture in a degree similar to the fore end of the right ramus, I 
conclude that not more than an extent of two or three inches is 
wanted to complete that end. The oblique fracture of the bone 
here exposes the hollow base of the crown of a functional tooth; and 
on its inner side is the partially calcified germ of the successor. 

The inner surface of the ramus (fig. 2) is flatter and smoother than 
the outer. It is traversed by a deeper, narrower, and better-defined 
longitudinal groove—partially divided at its hinder half by a low 
linear ridge, indicative of the groove having been traversed by two 
impressing soft parts, probably a nerve as well as a vessel. The 
main groove becomes shallower and wider as it advances, inclining 
from the middle to near the lower border of the inner surface. Part 
of the suture between the splenial (31) and dentary (z2) elements 
is here seen. 

The teeth indicated in the portion of the left ramus have been 
more or less broken away, but answer in number and relative 
position to the entire ones in the right ramus. ‘The tooth rising to 
fill the space between the first and second is more advanced; and 
on the inner side of the present fragment are seen the crown-tips 
of other successional teeth, appearing at the inner side of the base 
of preserved portions of the fully developed teeth. At the intervals 
of these rising teeth are seen the “series of triangular plates of | 
bone (4, 6, fig. 2), forming a zigzag buttress along the interior of 
the alveoli, and from the centre of each triangular plate the bony 
septum which crosses to the outer parapet and thus completes the 
alveolus,” well described in the type example *. 

As respects the dental characters exhibited in the present series 
of fossils, I find nothing to add to the discoverer’s original and 
graphic descriptions and to the supplementary details afforded by 
the more complete mandible and teeth in the private collection of 
the Duke of Marlborough at Blenheim‘y. In the restoration of the 
skull I have been guided by that of the largest existing carnivorous 
land-lizard (Varanus giganteus); and it may prove that the post- 
orbital part of the skull is somewhat too short in the Cut, p. 340. 
Moreover the present fossils impress me with the notion that they 
have come from a rather smaller individual than those yielding the 
subjects of the under-cited plates =. But on these data and subsequent 
materials I estimate the total length of the skull of Megalosaurus 
Buciclandi not to have exceeded 2 feet 6 inches ; they certainly do 
not support that of “four or five feet” ascribed to it by Professors 
Phillips and Alleyne Nicholson. 

The opportunities of supplementing the original indication of 
the great extinct carnivorous Saurian having been few and far 
between, may condone the details above recorded of the additional 
elements toward its restoration here submitted. 

I conclude with some genera] remarks to which their study, in 


* Buckland, loc. cit. p. 395, pl. xl. fig. 1. 
tT ‘ History of the British Fossil Reptiles,’ 4to, vol. i. pp. 848-352. 
t Ibid. Dinosauria, pls. 24-32. 
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connexion with previous communications on the same subject, has 
given rise. 


Restoration of the Skull of Megalosaurus. -/, nat. size. 
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Hermann v. Meyer, in his folio ‘Zur Fauna der Vorwelt, Repti- 
lien aus dem lithographischen Schiefer’ (1859), affirms “the beak 
(upper jaw and mandible) of the Pterodactyles to be formed, as in 
birds, by a single bone, the intermaxillary ;” which bone he held to 
be “ prolonged backward to the region of the orbits” (zbid. p. 15) ; and 
the sole modification which he admits,in the avian comparison, is 
that of a greater density of the bone, in relation to its sustaining 
and wielding teeth instead of being sheathed with horn (zzd.). 

Prof. Huxley sees, or surmises, the same structure in the portion 
of the skull of the Megalosaurus described in the ‘ Quarterly Journal 
of the Geological Society,’ vol. xxy. p. 311; and, similarly, he founds 
thereon an argument for the affinity of the great terrestrial Saurians 
to the class of birds*; but, as will be presently shown, there are other 
and truer grounds for that affinity. 

From the evidence of the premaxillo-maxillary suture (Pl. XI. fig. 1, 
s,s) in the present mature skull, it is improbable that such suture 
should have been obliterated in the Oxford cranial specimen, the 
mutilated condition of which might condone a conclusion supposed 
to support a favourite hypothesis. The primitive separation of the 
maxillary and premaxillary bones is retained throughout life in the 
existing reptiles nearest akin to Megalosaurus. The conjecture, 
therefore, that the jaw figured in plate xii. tom. cit. is simply the 
premaxillary, “a possibility which must not be lost sight of, in view 
of the resemblances between Dinosauria and Birds” (2b. p. 312), 
has no support from fact, nor needs it. 

In his remarks, Prof. Huxley, with Hermann v. Meyer, holds that 
the upper jaw in birds is formed by a premaxillary which is “ pro- 
longed backward to the region of the orbit.” A portion of the 


* Quart. Journ. Geol. Soe. vol. xxvi. 
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slender continuation of the jaw, answering to part of that in the 
subject of the present paper (Plate XI. fig. 1, 21’), which is so pro- 
longed, appears at c in plate xil. tom. cit. 

Concomitantly with the superior development of the circulating 
and respiratory organs and their vigorous action in the Avian 
class, the obliteration of the boundaries of bones takes place earlier, 
and, among Vertebrates, is most complete in birds. But one result 
of my researches in the osteogeny of the class was, that in no 
species was the premaxillary produced backward to beneath the 
orbit, but that such portion of the upper jaw is contributed by the 
maxillary bone*. In Dinornis ingens the maxillo-premaxillary 
suture is retained 7 ; so likewise in Aptornis: in these great wing- 
less birds, with somewhat lower locomotive, circulating, and respi- 
ratory activities, the ossific process is retarded. 

So the experienced ornithotomist Dr. Schufeldt writes :—‘ The 
malar is the mid style of the infraorbitel bar, the maxillary com- 
pleting the connexion anteriorly with the intermaxillary.” “It 
simply requires ordinary maceration in the adult of any of the Grouse 
or Quails to have the three styles separate from each other” +. 

Pterodactyles show a larger proportional size of the premaxillary 
than do either Jguanodon or Megalosaurus; but neither in Dimor- 
phodon nor any other of its order, in which the maxillo-premaxillary 
suture can be unequivocally traced, does the premaxillary extend 
backwards beneath the orbit. 

In this respect birds agree with Pterodactyles; but as regards 
the affinity which is held to amalgamate the two groups, the 
question has always presented itself to my mind in the following 
condition :—It is true that Pterodactyles flew, and birds fly; but 
their organs of flight are not only different, but the differences throw 
light on those of other organs of much greater, indeed of real, im- 
portance in forming a judgment as to their ciass-affinities. 

In birds the main mechanical part of the wing is due to cuticular 
developments, in reptiles to cutaneous ones; in the one ‘Appendages 
of the Integument,’ in the other ‘Extensions of the Integument’ 
itself, are pressed into the formation of the organs of flight. In 
birds the ‘ remiges,’ or feathers of flight, are supported and wielded 
by short and thick bones; in Pterodactyles the dermal webs are 
sustained by long and slender bones. 

The main condition of these modifications of wings is the tempera- 
ture of the body which the two kinds of flyers are, or were, capable 
of maintaining: in one kind it is fixed; in the other it varied to a 
certain extent with that of the atmosphere. In no class of Verte- 


* See ‘Archetype and Homologies of the Vertebrate Skeleton,’ 8vo, 1548, 
p- 128, fig. 23, 21, 22; ‘Anatomy of Vertebrates,’ vol. ii. p. 51, figs. 26, 28 
(young Ostrich), fig. 31 (young Emu), fig. 30 (Parrot). 

t ‘Extinct Wingless Birds of New Zealand,’ 4to, 1878, vol. ii. pl. Ixxxii. 
fig. 1, 21, 22. 

t See his plate v. fig. 51, showing the remoteness of the premaxillary from 
the suborbital region, in his ‘Contributions to the Anatomy of Birds,’ 8vo, 
1882. 
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brates is the heat of the body maintained at so high a degree as in 
that of Birds: in Mammals itrarely exceeds, and not always reaches 
100° Fahr.; in Birds it ranges, according to species, from 106° 
(Apteryx) to 112° (Kagle). 

This thermogenous character involves a tegumentary one. The 
body-warmth of a Mammal is protected, as a rule, to which bats are 
no exception, by a covering of wool or hair, or both, the body- 
warmth of a bird by a clothing of down and feathers; and itis the 
latter that are pressed into the mechanism of the organs of flight ; and 
their presence is demonstrated by impressions in a suitable matrix of 
the secondary extinct species of the class *. 

If he had never had a recent bird to dissect, the physiologist would 
have inferred, and rightly, that the heart had partaken, in its 
structure, of all the perfections which characterize that of the 
warm-biooded mammalian class; and he knows, ex visu, that it 
superadded structures, in the muscularity of certain of the heart- 
valves, which relate to the higher activities of the bird. Con- 
comitantly do the organs of respiration manifest their highest grade 
of development. Not only are the lungs, as in Mammals, “ spongy,” 
zt. €. Subdivided into multitudinous minute cells, multiplying the 
surface on which the pulmonary capillaries are exposed to the 
oxygenating atmosphere, but other cells are continued from the 
lungs proper, and submit, in different degrees, the systemic capillaries 
to the action of the air inhaled. So birds are said to enjoy a double 
respiration as well as circulation. 

In no reptile is the arterial blood, as it is returned from their 
large-celled lungs, distributed pure and unmixed with venous blood 
to the general system f; in none is the function of respiration so_ 
complete, so extensive, as in the warm-blooded classes. Impressions 
of the sheets of skin have been preserved, which the long and 
slender finger-bones of the Pterodactyle were destined to support ; 
but not a trace of non-conducting hair or protecting feather has 
been detected therewith in any, the most conservative, beds. 

I consequently infer a correlated inferiority of structure in the 
circulating and respiratory systems, and that the Pterodactyles were 
as cold-blooded as are the flying fishes and the flying insects: there- 
fore I prefer the term Pterosauria to Ornithosauria. 

Never, however, have I excluded considerations from other organs 
and functions in treating of the affinities of the Vertebrate animals 
recent and extinct. They weighed with me, mainly, in my en- 
deavours to interpret the nature and structure of the sacrum in 
Megalosaurus, and the affinities so indicated. 

In Buckland’s time (1824) no exception to the number two in the 
reptilian sacrum had been recognized ; he consequently described the 
“ five anchylosed joints of the vertebral column of the Megalosaurus, as 


* “ Archzopteryx,” Phil. Trans. 1863, pp. 33-47. 

t+ For the partial degree in which the respired or arterial blood may be so 
transmitted from the left ventricle of the Crocodile’s heart, see ‘ Anatomy of 
Vertebrates,’ vol. i. (1866) p. 512. 
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including the two sacrals and two others, which are probably refer- 
able to the lumbar and caudal vertebrie” *. 

Baron Cuvier, incorporating Buckland’s discovery in the con- 
cluding volume of his ‘ Ossemens Fossiles,’ refers to the figure cited 
below as “Suite de cing verttbres de Megalosaurus”?T, without 
further definition. 

In determining the nature and class of these five coalesced ver- 
tebre as truly “‘sacral”—and that determination has been accepted— 
I did not indicate, as has been alleged, any affinity therefore to the 
class Mammalia, but proceeded to unravel the structure of the 
sacrum, and demonstrated that it was such as occurred in no 
Mammal, but was repeated in the class of Birds. 

Now, the condition to which I have referred, which has deceived 
such able paleontological osteologists as Von Meyer and Huxley in 
regard to the construction of the upper jaw in Birds and Ptero- 
dactyles, and by inference in Megalosaurs, the speedy confluence, 
viz., of essentially distinct bones and bony elements in Birds, 
constituted the main difficulty to be overcome in the correlation 
of the peculiar and, at that time, unique structure of the sacrum of 
the Megalosaur with that of the many-vertebrated sacrum in other 
classes. 

In the extinct reptile the neurapophyses, in each vertebra, were 
shifted in position from their proper centrum so as to cross the 
interspace of two centrums; and I had to determine to which 
of these centrums the neural arch did properly belong. The 
mammalian class was exhausted without result; the avian class 
presented the difficulty of the complete blending of the several 
sacral vertebree with other pelvic elements into a single mass of 
bone. 

The resource (fossils of great wingless birds not having then come 
under my ken) was investigation of the development of the sacrum 
of a bird; and that line of research was not abandoned until I could 
testify with certainty to that class of vertebrates repeating the 
singular modification in the great terrestrial extinct Reptiliat, thence 
and thereupon associated together as Dinosauria. 

No other affinity is deduced from the discovery save of the Dino- 
saur to the Bird. The result of the embryonal researches is limited 
in the‘ Report’§$ to that inference. The labours leading thereto 
are detailed in the work ‘On the Archetype of the Vertebrate 
Skeleton” ||. 

In my Hunterian Lectures at the Royal College of Surgeons , 
after defining the class-characters based on the circulating and 
respiratory systems, I took occasion to remark :—“ But many im- 


* Geol. Trans. 2nd Series, vol. i. (1824) p. 395, pl. xliii. fig. 1. 

t Tome v. 2% partie (1822), p. 348. 

¢ “Report on British Fossil Reptiles,” Part ii. ‘Reports of the British 
Association for the advancement of Science,’ vol. for 1841, pp. 105-108. 

§ Ib. ib. 

|| 8vo, 1848, “ Composition of the Sacrum in Birds,” in which the congeries 
of vertebre in that of an immature Ostrich is the subject of figure 27, p. 159. 

¢| Anatomy of Vertebrates, vol. i. 1866, pp. 6 & 7. 
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portant relations and affinities are thereby masked. Although the 
_last two classes (Mammalia and Aves) agree as ‘hot-blooded 
Vertebrates’ in their higher cerebral development, and in the more 
complex heart and lungs, Birds, by their genetic and developmental 
characters, as well as by the general plan of the organization, are 
more intimately and naturally allied to the oviparous Saurians than 
to the viviparous Mammals.” 

So, likewise, I proceeded to state that ‘“‘in their generation and 
development, modern Batrachians differ from other cold-blooded 
air-breathers and agree with fishes: both classes are ‘anallantoic’ and 
branchiate, whilst Birds and Reptiles are ‘allantoic and abran- 
chiate’” *. 

The occipital condyle offered no available character in this 
division and association of vertebrate animals. The condyle is 
single in most fishes as in the abranchiate Ovipara ; and it is convex 
in some kinds, e.g. the Pipe-fishes (Jstularia) tf, as in Birds. 
On the other hand the occipital condyle is double in the batrachian 
air-breathing Anailantoids or Branchiates, as it is in Mammals. 

In short, in the preliminary chapter of my ‘ Anatomy of Verte- 
brates,’ I found no other than the developmental characters above 
cited to add to those which John Hunter, in the previous century, 
had defined in his ‘ Schemes of the Classification of Animals.’ 

They are given in the ‘ Essays and Observations on Natural His- 
tory,’ published with notes in 1861 (two vols. 8vo, Van Voorst, 
vol. i. p. 28); and the subjoined quotation may be acceptable. 

‘Of the similarity of many Parts of the Fowl and Three-cavity- 
hearted Animals” (which Hunter termed Yricoclia = Reptiles). 

“The lungs of the fowl open into thin cells or bags that are in the 
cavity of the belly. The cells of the lungs are large. The lungs in 
the 7’ricoilia are continued into the belly, are cellular at the upper 
part, but in most, ¢. g. the snake, become smooth bags at the lower 
end as it were, answering the same purpose as the abdominal bag 
in fowls: the cells of the lung-part are large. 

‘“‘ No proper diaphragm in either class, but fowls have something 
similar to one.” (The degree in which it most nearly attains the 
mammalian character is shown in my ‘‘ Anatomy of the Apteryx,” 
Zool. Trans. vol. i.) 

‘The gall is green in both. The kidneys are placed in what may 
be called the pelvis in both; they are conglomerated in a particular 
manner, have the ureter ramifying through their whole substance, 
and it.enters into the rectum. The urine is a chalky substance 
in many of both classes, and is a kind of slime in others. 

‘“‘The testes are situated in the abdomen in the males of both. 
The vasa deferentia enter the rectum in both. The penisis grooved 
in both. Both are oviparous. 

“The structure of the ear is similar” (p. 28). 

To these characters I added the subsequently determined develop- 


* ‘Anatomy of Vertebrates,’ tom. cit. p. 7. 
tT Lom, citap.7. 
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mental ones, viz. the presence of an allantois and the non-develop- 
ment of branchie. 

By what Hunter defined as “lungs in the neck, called ‘ Gills,’” 
he characterized his ‘ Fourth Class ;* and, in reference to the two 
poles of the ‘ Amphibious’ division of the ‘ Fourth,’ he observes, in 
his quaint style, that they are ‘‘ more fishified than what the fish of 
the first class (Cetacea) are,” op. cit. p. 27. De Blainyille, enter- 
taining similar views, proposed, in 1816, the name Ornithoidea for 
the abranchiate, Ichthyordea for the branchiate group *. 

The terms which Professor Huxley has invented for the two 
groups previously defined and characterized by Hunter and myself 
are as convenient as De Blainville’s; but it seems odd to speak of a 
Lizard as a “ Sauropsid,” when it is not only like, butis, aSaurian, or to 
call a perch an “ Ichthyopsid,”’ which is not merely like, but is, a fish. 
The terms ‘‘Abranchiates”’ and ‘‘ Branchiates” appear to me to ex- 
press an essential character of the two groups without suggesting 
any absurdity. 

Roturning to my proper subject, I would, finally, remark that, in 
the summary of what I had learnt on fossil Reptiles in 1841, the 
respective outward resemblance in the different orders to existing 
vertebrate classes was briefly indicated—Pterodactyles to birds, 
Ichthyosaurs to fishes, Dinosaurs to mammalian quadrupeds, &c. 
But this was in no wise intended, or could be fairly construed, to 
prejudice conclusions as to affinity founded on structure; and those 
which demonstrated the truer and deeper relations of Dinosaurs to 
birds were given in detail in 1841 7. As to the dental and limb- 
resemblances of extinct Saurians, I have since been enabled to show 
that a group of triassic Reptila, the Theriodontia of the Karoo 
formation, make a nearer approach to Mammalia, especially the 
marsupial forms, than the later mesozoic Dinosaurs do, in outward 
character ¢. 

Professor Huxley, however, asserts, in the Quarterly Journal of 
the Geological Society, vol. xxvi. part 1, p. 18, note, that *‘ Prof. 
Owen evidently attached no weight to the fact as indicating any affi- 
nity of the Dinosauria with birds, asin his ‘ Report on British Fossil 
Reptiles,’ 1861, p. 102, he says that ‘the Reptilian type of struc- _ 
ture makes the nearest approach to Mammals in the Dinosauria.’ ” 

Other Fellows of the Society, besides myself, have been puzzled 
to verify this statement; and I have therefore added a summary of 
what I did record ten years previously, and I have never changed 
my opinion, of the near approach to Birds which the reptilian 
type of structure makes in the Dinosauria, and more especially in 
the genus and species which is the subject of the present paper. 

* Nouveau Bulletin des Sciences de la Société Philomathique, 1816. 

t ‘Reports of the British Association’ for that year. 

t In summing up the characters of Theriodonts I did not omit to notice that 
their “sacrum was not limited, as in existing Reptiles, to two vertebra, but 
was composed of five or six anchylosed vertebre” (Quart. Journ. Geol. 
Soc. 1876, p. 99). But this in no way affected the structural resemblance of 


the sacrum of Dinosauria to that of birds, pointed out a quarter of a century 
before, 
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DESCRIPTION OF PLATE XI. 


MEGALOSAURUS BUCKLANDI. 


Fig. 1. Side view of the premaxillo-maxillary, or facial part of the skull, 
' vather less than one half natural size. 
2. Inner side view of portion of the left mandibular ramus, two thirds 
nat. size. 
3. Outer side view of portions of upper and lower jaws, with teeth, 
two thirds nat. size. : 


DiscussIon. 


The Prestprnt expressed the pleasure of the Fellows in seeing 
Prof. Owen among them at this meeting. He had himself listened 
with the deepest interest to this extremely suggestive paper, but 
would limit his remarks to the subject indicated by the title of the 
paper, viz. the skull of Megalosaurus. He thought that if it was 
impossible by the regulations of the British Museum to place the 
actual remains before the meeting, it was much to be regretted 
that one of the excellent casts taken by Mr. G. M. Barlow, the 
sculptor of the Paleontological Department, had not been placed 
upon the table. Megalosaurus was, in a certain sense, the property 
of the Society, as it was in a communication made to it by the 
late Dean Buckland that this Dinosaur was first brought under 
the notice of paleontologists. Besides this paper, and that by 
Prof. Huxley, both mentioned by the author, and the latter’s 
valuable description of Megalosaurian remains in the ‘Fossil — 
Reptilia,’ he would call attention to Eudes Deslongchamps’s ex- 


haustive and accurate account of Potkilopleuron Bucklandi, in the _. 


‘ Memoirs of the Linnean Society of Normandy,’ because there can 
be no doubt that this Saurian was a member of the genus Megalo- 
saurus. It should be borne in mind that the genus Megalosawrus 
is not represented by the single species Bucklandi, but there exists 
evidence of several species, notably the very large series of Mega- 
losaurian remains in the collection of Mr. James Parker, of Oxford, 
which certainly illustrates two distinct species. With respect to 
the skull, a premaxillary in Mr. Parker’s collection (poorly figured 
by Phillips in the ‘ Geology of Oxford’) distinctly shows the extent 
to which this entered into the composition of the snout. In the 
author’s restoration a lower temporal bar was omitted; but as this is 
present in the skull of every Dinosaur in which this part of the 
skeleton is known, viz. in Jguanodon (as illustrated by L. Mantell), 
in Hypsilophodon, and in Scelidosaurus, he thought its presence highly 
probable in Megalosaurus ; he would suggest also the probability of 
a-greater extension backwards of the roof of the cranium, and a 
more vertical direction and greater stoutness of the quadrate bone. 
Prof. Srrtey spoke of the difficulty of discussing a paper of such 
wide grasp; for, in this memoir, Prof. Owen had gathered up the 
threads of many lines of research. Prof. Owen had now cleared 
up uncertainties as to the form of the premaxillary bone; but 
the idea of the blending of that bone with the maxillary had for 
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some years been given up by paleontologists, Several bones ‘in 
these specimens had been noticed by Prof. Owen which had certainly 
escaped the observation of others. He believed that the complete 
skull would show a curious combination of Lacertilian and Avian 
characters, such as might result from growth of the cerebral region 
in an embryonic Crocodilian type. He thought the figure repre- 
sented, in the back part of the head, too wide a divergence from 
known Dinosaurians. Up to the present time he had had a very 
imperfect conception of the relation between the premaxillary bone 
and the maxillary in the Ornithosauria. He held that the Orni- 
thosauria need not be cold-blooded because no trace of an exterior 
covering to the integument could be detected. He thought some 
trace of a filamentous covering could be detected. Their structures 
appeared to him to agree in so many respects with those of birds 
- that he thought Ornithosaurs must have been warm-blooded. 

Prof. OwEN expressed his sense of the kind way in which his 
communication had been received. It was to some extent pole- 
mical; but his excuse was that the last attempt to add to our 
knowledge of Megalosaurus was in vol. xxvi. part 1, of the 
- Quarterly Journal;’ and there the author had made statements 
concerning his (Prof. Owen's) views as to the relations of Dinosauria 
which were not exactly correct. 
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21. The Bacsnot Bxrps of the Lonpon Bastin. By Horace W. 
Moncrton, Esq., F.G.8. (Read April 25, 1883.) 


THE opening of several new railways during the last few years 
has greatly increased the opportunities for studying the geology of 
the Bagshot district. The railway-cuttings, however, are rapidly 
becoming overgrown or obscured by fallen materials, and I think 
that a description of some of the sections may interest the Society. 
In compiling these notes I have been greatly assisted by Mr. Herries; 
and the lists of fossils are from our joint collection. 

The Lower Bagshot beds, 100 to 150 feet thick, consist of yellow 
and white siliceous and micaceous sand, without green grains, with 
beds of greyish sandy clay, often laminated, and with more or less 
distinct vegetable impressions. On the western borders of Bagshot 
Heath the base of these beds is marked by 
(a) Coarse, often ferruginous sand, occasionally laminated with nearly white 

clay and sometimes with pieces of wood. 


(6) Irregular and extensive masses of rolled flint pebbles. 
(c) Dark-coloured stiff clay, named Ramscell clay by the Geological Survey. 


The Upper and middle Bagshot Sands of Prof. Prestwich, consist 
of a series of the very persistent and well-marked beds shown in the 


following table :— 


oe 2 c | A. Yellow siliceous sands with great | Shells of Lower 
fe ql neleea : 
Baio | oe S numbers of casts of shells, often | Barton species. 
Soa Cee well preserved. 

R->o Try 
Ss 
S $2 - &2 |B. Yellow siliceous sands with a few 
908 So green grains and casts of shells, 

co) N23 few and ill preserved. Beds A 

o and B are 226 feet or more thick. 
C. Pebble bed, more or less regular and 


of variable thickness, in a greenish 
or ferruginous sand. 10 to 18 
inches. 


D. Yellow and greenish sands with ferru- 
ginous layers and light-coloured 
foliated clays. 10 to 20 feet. 


K. Very fine green sand, with subordi- Shells of 

nate dark clay and lignite. Fossils} Bracklesham 

abundant. Average about 20 feet. species. 

F. Laminated clays, often black or liver- 
coloured, with beds of impure green 
sand, lignite, and plant-remains. 
15 to 20 feet. 
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The railway-cuttings at Goldsworthy Hill, at Ascot, and at 
Wellington College afford good type sections in the lower part of 
these beds, and show that the above subdivisions, though varying 
in thickness, are very persistent. The Goldsworthy-Hill section 
was described by Prof. Prestwich in 1847 (Quart. Journ. Geol. Soc. 
vol, ii. p. 382). 

The subdivision C in the above table is there represented by a 
“ coarse greenish sand with a few flint pebbles ” two feet thick ; the 
subdivision D by Prestwich’s bed 2, foliated clays eleven feet; E by 
his beds 3, 4, 5, eighteen feet; and F by his beds 6 and 7, fifteen 
feet thick. 

A very similar section was opened a few years ago on the branch 
of the South-Western Railway between Ascot and Bagshot, 73 miles 
north-west of Goldsworthy Hill. Starting from Ascot station, the 
line passes over Lower Bagshot Sand for about three quarters of a 
mile; the middle Bagshot clays then come in, and are well shown in 
a brick-field close to the railway. ‘This brick-field was described 
in the Memoirs of the Geological Survey (vol. iv. p. 332); but sub- 
sequent excavation has greatly improved the section. 

The overlying fossiliferous beds are exhibited in an adjoining 
cutting on the railway, which was measured by Mr. William Herries 
and myself in 1879 (Geol. Mag. iii. p. 171); it is now much over- 
grown. 


Section on the South- Western Railway, near Ascot. 


Mate ish yellow ard. fe 
2. Yellow sand with layers of darker-coloured iron-sand ............ 2410 

C 3. Pebble-bed, with rolled flint pebbles in iron-sand matrix often 
PAGES grea ent cs iewe ieee tas oaenani talenequionaia. Jee 0 10 


D 4. Yellow sand with layers of iron-sand, passing into a finely foliated 
sandy clay, with patches of yellow and greenish sand ...about 10 0 


MAY EEO) Hii EO eRe: Sth. vans sea satee vee tains cacebe RaaN. deeclehs des stad 0 2 

E 6. Yellow and liver-coloured foliated sandy clay .................20000- a ©6«0 
7. Green sand with a little dark clay, casts of shells abundant in 

SAVER OL Vel wish SAMO 550.2 aces aeons ecice catches eee en's one Sor 7/6 


Fusus longevus, Lam.; Fusus,? sp.; Voluta,? sp., like V. cithara, Lam.; 
Pleurotoma,? sp.; Natica sp.; Turriteila suleifera, Lam. ; Phorus aggluti- 
nans, Lam.; Ostrea flabellulum, Lam.; Pecten corneus, Lam.; Carditacarinata, 
?Sow.; C. planicosta, Lam.; Cardiwim porulosum, Brand. ; Protocardium 
semistriatum, Desh. ; Cytherea nitidula, Lam.; C. suberycinoides, Desh. ; 
Corbula gallica, Lam.; C. striata, Desh. ; Gastrochena corallium, Sow. ; 
Serpula, sp.; and wood. 

F 8. Clays and clayey green sand, shown in a brick-field near the railway, 
where the beds exposed are :-— 
Liver-coloured and yellow clay laminated with white and green sand. 
A wedge-shaped bed of green sand. 
Nearly black foliated clay with iron pyrites, vegetable impressions, 
and wood, 18 to 20 ft. 


Fine waite Lower Bacsuor Sanp. 


At Hagthorn Hill, 2 mile to the north-west of the above brick- 
field, there is a pebble-bed 2 feet 6 inches thick, apparently in 
nearly the same relative position as that numbered 3 in the railway- 


* The letters in this and the following table refer to the table, p. 348. 
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cutting section. The mass of stones is here such as to be worth 
quarrying. 

An almost precisely similar succession is shown in the series of 
shallow cuttings on the South-Eastern Railway, near Wellington 
College Station, which are shown in the annexed cut (p. 351). The 
following are the details :— 


Section on the South-Hastern Railway, near Wellington College. 


Gravel. 
B. Light yellow sand, with small patches of green sand, casts of shells, numerous 
but very imperfect, including species of Fusus, Natica, Phorus, Turritella, 


VOluiea, WOOA CEC. x cok cuneh easecaee ie hae eet aaa eee 50 ft. or more. 

C. A greenish sand, with two irregular lines of flint pebbles, and a few pebbles 
Of old: noek: bac ssdeedegs Sten cen eyes eat td Le eee ate eee 1 ft. 6 in. 

D. Yellowish sand, iron-sand concretions, and layers, a few casts of Turritella, 
ANC WOOK. :..c5 caten meet aerate ewan oa tere Thickness varies, 2 to 4 ft. 
Yellowish, reddish, or greenish sand, with numerons thin lamine of light- 
colombed: Clay | oie ea tisetnGeea Gusee asad. cna eeioe ee te ee ae About 15 ft. 


[This bed was until recently worked for bricks at Wellington College. | 
Dark-coloured laminated clay, with an irregular line of flint pebhiee 7: 
to 4 ft. 
pimeen sand. omy sccaccereceaeee oceaath canteen au eee Thickness not shown. 
. Dark laminated clay, with a little impure greensand. (This bed is shown 
in a pit at Upwick or Wick Hill near Finchampstead.) 

Lower Bagshot Sands, yellow clayey sand, with beds of stiff laminated clay, 
which are worked for brick-making at California near Finchampstead, 
and are there wrongly marked ‘“ Middle Bagshot” on the Geological 
Map. 


Fy 


The above examples establish, I think, with sufficient certainty, 
the succession of the strata in this district; and the well-sections at 
Wellington College and the Albert Asylum, Bagshot (Mem. Geol. 
Surv. iv. pp. 425, 537), are very similar. In alla pebble-bed appears 
at the top of the clayey beds, and affords good evidence of a break in 
the series at this point. 

With the exception of the Albert-Asylum well, there is no section 
through the whole of the upper sandy beds lettered A and B in the 
table of strata; and it is therefore not easy to ascertain their 
greatest thickness. That well gives 226 feet above the pebbles ; and 
I doubt whether this is exceeded in other places. 

In the lower beds of these upper sands numerous green grains 
occur, either in patches or disseminated through the sand, and casts 
of shells are to be found in several pits and cuttings. JI may men- 
tion Sandhurst cutting on the South-Western Railway, near Wel- 
lington College, Cexesar’s Camp, Easthampstead, a road-cutting about 
a mile from the Royal Military College, on the Windsor Ride, and 
the cutting through the spur of the Fox Hills (8.W. R.), from 
which Prof. Prestwich obtained several fossils. 

There are two very fine sections in the higher beds—the first at 
Crawley Hill, near Camberley, and the second at Tunnel Hill, on 
Pirbright Common. 

The Crawley-Hill cutting, on the South-Western Railway, near 
Camberley Station, is unfortunately overgrown ; but casts of shells 
were formerly very abundant there, though for the most part ill- 
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Section on South-Eastern Railway at Wellington College. 
(Horizontal scale 4 inches to 1 mile. Vertical scale 150 feet to 1 in ch.) 


ep B te Se 
28 é Bee 3 pegs 
ap 3 ep ads 
Be SO Be "20 s Si ae N. 
D Fa E ‘ Fa e . = 
: Peas i i 
Sh tt 
a. Upper Bagshot Sands (of Prestwich). f. The pebble-bed which marks the base of the Upper Bagshot. 
; b. Light-coloured sands and laminated clays. g. Irregular line of pebbles in dark clay at the top of the green 
Se ome d with subordinate dark cl . : 
Bagshot. e. Green sand with subordinate dark clays. sand, 
_d. Clays, mostly dark-coloured. h, Hmbankments. 


e. Lower Bagshot Sands 


In the above cut the dip of the beds to the north of Wellington-College Station is too high ; they are, in fact, nearly horizontal, and are 
brought into the cutting by the fall of the line, which is here 1 in 154. 

Pebbles 1ike those in the pebble-beds cover the surface of the ground for some distance north of the station. I have omitted the gravels 
and surface-earth. 
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preserved. They are apparently of nearly the same species as those 
at Pirbright. 

At Tunnel Hill, on the Woking-Aldershot branch of the South- 
Western Railway, the casts are well preserved, and impressions of 
the exterior of the shells are often to be found. 

The section is as follows :-— 


1. Darkish yellow sand, passing into ochre sand, with casts of shells. 


20 ft. 6 in. 
2; Aline of bright yellow samd.seeycecce ont, muecterse'q.0saeedss ste eee e Ree eeee 8 in. 


3. White sand, with numerous casts, passing into white sand, with patches of 
yellow sand, irregular iron-sand layers and concretions, numerous casts 
and impressions of shells, and a few flint pebbles..................... 27 ft. 

4, Variously tinted sands, with very few casts of shells ......... 39 ft. exposed. 


Fossils from the Upper-Bagshot Sand, Tunnel-Hill Cutting, 
Pirbright, Surrey. 


ve Rostellaria rimosa, Sow. ve Pecten reconditus, Sod. 
c Terebellum fusiforme, Lam. Avicula media, Sow. ? 
Cancellaria (2 species). Pectunculus sp. 
Ancillaria canalifera, Lam. Nucula similis, Sow. 
Voluta, sp. (rare here, but very | vce Cardita sulcata, Sod. (variety with 
common at Crawley Hill). tuberculate ribs). 
Volvaria acutiuscula, Sow. c Crassatella sulcata ?, Sol. 
c Natica ambulacrum, Sow. ve Lucina mitis, Sow. 
sp., perhaps N. conoidea, | c divaricata, Linn. (Rigaulti- 
Sow. ana, Desh.). 
c labellata?, Lam. Diplodonta sp. ? 
fo) patula, Lam. Cardium porulosum, Brand. 
Sigaretus canaliculatus, Sow. c Protocardium parile, Desh. 
Cerithium sp.? turgidum ?, Sol. 
ve Turritella imbricataria, Lam. Cytherea, apparently 4 species. 
Turritella, or Niso, sp. ? ve Tellina scalaroides, Lam. 
© Littorina sulcata, Pik. Corbula gallica?, Lam. 
Solarium bistriatum ?, Sow. c Corbula ficus ?, Brand. 
plicatum ?, Lam. c pisum, Sow. 
Phorus (2 species). striata ?, Lam. 
Dentalium striatum, Sow. Clavagella coronata, Desh. 
(small, smooth species). Serpula extensa, Brand. 
Actzeon sp. ? sp. 
Bulla attenuata, Sow. Serpulorbis Marshii. 
—-— sp. Two or more species of corals. 
ve Ostrea flabellulum, Lam. Wood. 


Correlation of the Bagshot Beds with the Hampshire Series. 


A glance at the table of strata (p. 348) will show that there are two 
beds in which the occurrence of well-preserved fossils gives an 
opportunity for comparison between the Bagshot and Hampshire 
series. The first of these is the green-sand bed, EH; and the second 
the higher beds of the Upper Bagshot Sands, marked A in the table. 
Now, there can, I think, be little doubt that the green sand, H, must 
be correlated with some part of the Middle Bracklesham of the 
Hampshire basin ; and its great resemblance to the bed numbered 
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11 in Prestwich’s Whitecliff-Bay section leads me to the conclusion 
that it should be placed in that portion of the Bracklesham termed 
Group C by the Rev. Osmond Fisher (Quart. Journ. Geol. Soc. 
vol, xviii. p. 65). 

The Bagshot bed resembles Prestwich’s bed 11 at Whitecliff Bay 
in colour and texture, in the abundance of Cardita planicosta and 
large Turritelle, and in the occurrence of Nummulites levigatus. 

Passing now to the upper fossil-bed at Bagshot, marked A, and 
best seen at Pirbright, I venture to submit that the shells clearly 
prove it to be of Barton age. 

The occurrence of such shells as Volvaria acutiuscula, Littorina 
sulcata, Dentalium striatum, Lucina divaricata (or Rigaultiana), Tel- 
lina scalaroides, and Clavagella coronata, all of which are well- 
marked types and not easily mistaken, taken together with the ab- 
sence of Cardita planicosta, Pecten corneus, &c., which are so 
abundant in the underlying green sand, is, I think, quite sufficient to 
prove that we are here in Barton beds. On the other hand, if we 
compare the list of shells from Pirbright Common with that from 
Long Mead End, Hordwell, published by Mr. Tawney (Proc. 
Cambr. Phil. Soc. iv, p. 150), we can, I.think, feel no doubt that the 
Long-Mead-End Upper Bagshot Sand, with Cerithium pleurotomoides, 
cannot be correlated with the Upper Bagshot Sand of Bagshot 
Heath. The upper beds of the Bagshot Sand of Bagshot Heath 
must therefore be correlated with the Barton beds of Hampshire 
and the Isle of Wight. 

It might be objected to this correlation that it does not ac- 
count for the absence of the Upper-Bracklesham beds in the 
London basin; but I think that, in the first place, the distance be- 
tween the two basins is enough to account for almost any amount 
of thinning-out or change in the nature of the strata; and in the 
second place, the clear evidence of a break in the London-basin 
series, Which is furnished by the remarkable pebble-bed marked C 
in the table of strata, is sufficient to account for the absence of the 
Upper Bracklesham in that basin. 

The only question remaining to be considered is the point at which 
the division between the Barton and Bracklesham should be placed 
in the Bagshot area. On the whole, it appears to me to be most 
convenient to place it at the pebble-bed marked C in the table of 
strata (this was suggested by the Rev. A. Irving [ Proc. Geol. Assoc. 
iv. pp. 334, 330 |, and is in accordance with Prof. Prestwich’s Golds- 
worthy section [Q. J. G.S. 111. p. 382 ]), giving the Barton beds a thick- 
ness of 226 feet at least, and the Bracklesham an average thickness 
of about 45 or 50 feet. 

In the Geological Survey Map some of the overlying sands are 
included in the Bracklesham, on the ground that they contain green 
grains. This, however, does not appear to me altogether satisfactory, 
a few green grains being no proof that a bed is not of Barton age ; 
and I think it better to take the pebbles as a division than the very 
uncertain line proposed by the Survey. 
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Discussion. 


Prof. Prestwich said it was forty years since the opening of a 
railway-cutting had first given us some idea of the position of these 
sands. The paper was a very careful record of observations. The 
fossils were so imperfect that comparison with the representatives of 
this series in Hampshire was very difficult. He himself had found but 
few. He thought that the so-called Upper Bagshots of that region 
were on the whole more probably synchronous with the Brackles- 
ham. The occurrence of a little green sand was not of much impor- 
tance, except that it sometimes was associated with occurrence of 
fossils. He asked how many species Mr. Monckton had found. 

Mr. J. S. Garpner said that he thought Mr. Monckton had made 
a sufficiently large collection to show that the beds were really 
equivalents of the Barton Beds. As for the lower beds, they were 
probably freshwater, but might perhaps rather belong to the lower 
part of the Middle Bagshot than to the Lower Bagshot. 

Prof. Jupp thought that the author had brought valuable evidence 
as to the age of the ‘‘ Upper Bagshots ” of the London basin, showing 
that they might be correlated with some parts of the Barton series. 
It was important to have shown that these beds did not agree with 
the Hordwell Beds or Headon-Hill Sands. There was, indeed, no 
reason for correlating the two series in the Hampshire and Bagshot 
areas. For himself he thought it was unsafe to attempt to draw 
exact parallels between beds sixty miles apart, so far as the minor 
members were concerned. 

Prof. Prestwich mentioned that he had found near Cooper’s Hill 
traces of casts of marine shells in Lower Bagshot. 

Mr. Moncxrton acknowledged the favourable way in which his 
paper had been received. He had obtained from the Upper Bagshot 
28 species, and from the green-sand bed 18 species. It was easier 
to enumerate than to name the species. 
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22. The Acs of the NEwER Gnetsstc Rocxs of the Nortuern Hien- 
tanps. By C. Cattaway, Esq., D.Sc., M.A., F.G.S. With 
Notes on the Lirmotoey, by Prof. T. G. Bonney, M.A., F.R.S., 
Sec. G.S. (Read May 9, 1883.) 


ConrTENTs. 
Introduction. 
I. The Formations concerned in the result (p. 357). 
a. Hebridean. 


6. Caledonian. 
c. Assynt series. 

1. Probable age. 

2. Subdivisions. 

c,. Torridon Sandstone and Ben More Grit. 

> Quartzite. 

ec, . Seamy. ¢,gu. Annelidian. 
c,. Brown flags. 
cy. Salterella-grit and quartzite. 
cs. Dolomite. 

esl. Dark. ¢,u. White. 


II. The Relations between these formations (p. 363). 
Loch Broom (p. 363). 


. Section along the shore of the loch, from Ullapool to the S.S.E. 
. Section along the road, from Ullapool to the 8.H. 

. Section from Ullapool to the H.S.H. 

. Section from Ullapool over the high ground to the E.N.H. 

. Section along the south side of the Ullapool river, W. to E. 

. Section along the north side of the same, W. to EH. 


Assynt (p. 367). 

a. The “ Upper” Quartzite non-existent (p. 367). 
Section on the Burn of Calda. 
Scarp between Calda Burn and Poulan-drein. 
Section on Poulan-drein. 
G@uartzite of Cnoc-an-drein. 
“ Logan Rock” of Glasven. 
Section from the west end of Ben Uarran to the high road south of 

Inchnadamf. 
Section in the Balloch under Coniveall. 
Section up Glen Coul. 


B. The “Logan Rock” not separable from the Hebridean (p. 374). 
(a) Objections to the Hebridean age of the “ Logan Rock” considered. 
(1) Absence of accessory minerals in the “ Logan Rock.” 
(2) Absence of bedding in the same. 
(3) Foliation in the “ Logan Rock” not coincident with bedding. 
(4) Difference of weathering. 


(0) Author’s objections to the contemporaneity of the “ Logan Rock” 
with the Assynt series. 

(1) The “ Logan Rock” not conformable to the rocks below it. 
(2) Or to the rocks above it. 
(3) The strata below it not metamorphosed. 
(4) No beds of passage between it and the rocks above and below. 
(5) Alteration and crushing at its junctions with other rocks, 
(6) Strikes of the “Logan Rock” and Hebridean often concordant. 


OOP OO Ne 
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o. Direct proof of the overthrow of the Hebridean (p. 379). 
Section up the cascade from Dhuloch More. 
Section up the cascade from Dhuloch Beg. 
Section at the north end of Scounan More. 
Sestion across Coniveall. 
Section up Glen Coul. 
Ground between Coniveall and Glen Coul. 
Section on Camaloch. 


p. The “ Upper Limestone ” non-existent (p. 386). 
(a) The dolomite repeated. 
(6) Or a part of the Caledonian. 
gE. The Caledonian brought over the Assynt series by a reversed fault 


(p. 389). 
The Knockan section. 
Sections on the north and south sides of Glen Coul, 


r. Structure of Assynt (p. 392). 
Scounan, Brebag, Ben More, Ben Uarran, Cnoc-an-drein, Glasven, 
Ben Uie, Ben-na-Creisag, Ben-an-Uarran. 
The Stronchrubie basin. 
Loch Erriboll (p. 896). 
a. The “ Granulite” of Nicol a lower division of the Caledonian (p. 396). 
B. The Assynt series folded back upon itself (p. 397). 
Structure of Druim-an-tenigh. 
Ground between Druim-an-tenigh and the sections on Camas-an-duin. 
Sections (three) on Camas-an-duin, 
Section in the ravine above the Free Church. 
Section above Erriboll House. 
Section at Craig-na-faolin. 
Ground between Ben Arnaboll and Ben Heilem. 
Ground between Hope Ferry and Whitten Head. 
c. The Caledonian Gneiss brought over the inverted Assynt rocks by earth- 
movements (p. 403). 
Structure of Ben Arnaboll. 
Junction south of the Arnaboll valley. 
Junction north of Hope Ferry. 
Ground between Druim-an-tenigh and Ben Arnaboll. 


p. Outliers of the Assynt series on the Caledonian (p. 407). 
n. Granite not intrusive in the Assynt series (p. 408). 


III. Igneous rocks (p. 408). 


1. Loch Ailsh group. 
2. Igneous rock of the Quarizite. 
3. Granite of Loch Erriboll and Durness. 


IV. Summary of results (p. 410). 
V. General considerations (p. 411). 
VI. Reply to objections (p. 412). 
Appendix. By Prof. T. G. Bonney (p. 414). 


INTRODUCTION. 


In the summer of 1880 I commenced an investigation into the 
relations between the fossiliferous limestone of Durness and the 
great gneissic series which was alleged to overlie it. A portion of 
my first results I communicated to the Society in a paper* in which 


* Quart. Journ. Geol. Soc. 1881, p. 239. 
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I endeavoured to show that the sections at Durness and in Assynt 
did not display a true ascending series, the limestone in both loca- 
lities being separated by a fault from the rock which was sup- 
posed to conformably succeed it. On the relation of the limestone 
to the quartzite I formed no opinion; but in the two sections de- 
scribed I found them brought together by faults. As the quartzite 
passed with apparent conformity below the eastern gneiss on the 
east of Loch Erriboll, I hinted, in accordance with the views of 
Murchison, which I had not then seen reason to abandon, that the 
quartzite might belong to the metamorphic series. From these 
limited observations I carefully abstained from drawing a general 
conclusion ; and I was conyinced that no satisfactory result could 
be achieved without a detailed survey. Accordingly I devoted a 
fortnight in 1881, and two months in 1882, to the districts which 
appeared most promising ; and | have now the honour to submit the 
conclusions to which I have been led. 

The published theories on the relation between the Durness lime- 
stone and the eastern gneiss are the following :— 

1. That the eastern gneiss conformably overlies the limestone, 
and is of “ Lower Silurian” age (Murchison, Geikie, and most 
authors). 

2. That the eastern gneiss is merely the Hebridean brought up 
east of the limestone along a line of dislocation and inversion 
(Nicol). 

3. That the identity of the limestone of Assynt and Erriboll with 
that of Durness has not been demonstrated, and therefore that the 
eastern gneiss, though it conformably overlies the former, has not 
been proved to be of “‘ Lower Silurian” age (Heddle). 

The view which I have here to submit differs from all of the 
above, but approximates,most nearly to that of Nicol. I maintain, 
with that author, that the junction of the limestone with the eastern 
gneiss is a line of faulting and inversion; but I shall attempt to 
prove that this gneiss is a distinct series, newer than, and resting 
unconformably on, the Hebridean, that Nicol’s ‘‘igneous rock” 
overlying the limestone is usually a true gneiss, and that both the 
older and younger gneissic systems have been brought up over the 
limestone by great earth-movements. The eastern gneiss I propose 
provisionally to name the “‘ Caledonian.” 


I. Tue ForMATIONS CONCERNED IN THE RESULT. 


The groups whose relations are to be discussed are the Hebridean 
or Lewisian, the Caledonian, and the quartzo-dolomitic group which, 
in view of the doubt which has been cast upon its age by the re- 

searches of Prof. Heddle, I propose to call the Assynt series. 


a. Hebridean. 


In addition to the masses usually designated by this name, I in- 
clude under it a large proportion of the “igneous rocks” of authors. 
Recently the latter have been described by Dr. Heddle as a new 

Q.J.G.S. No. 155. 2p 
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group, conformably overlying the Dolomite; and he names them 
““ Logan Rock,” from Glen Logan or Laggan, where they have been 
identified by Prof. Bonney as Hebridean. I shall submit evidence 
to the effect that by faulting, accompanied or followed by powerful 
lateral thrust, this rock has been thrown over on to the Assynt 
series to a maximum breadth of about a mile, and along an outcrop 
of over 15 miles in Sutherland alone. ‘This overlie often produces 
the appearance of SCHL between the Assynt series and the 
Hebridean. 


b. Caledonian. 


This system is divisible into two well-marked groups. The lower 
I have recognized only in the Erriboll area; and from its clear de- 
velopment in Ben Arnaboll, I have called it the Arnabol) series (6). 
It consists of grey, granitoid, very felspathic gneiss, overlain by dark, 
striped hornblende and mica gneisses, passing up through beds 
of an intermediate character into the ordinary flaggy gneiss which, 
from its exposure on Loch Hope and in the lofty peak of Ben Hope 
(3040 feet), I have designated the Hope series (b,). The latter is 
very uniform in its litholog gy wherever I have seen it between Loch 
Erriboll in the north, and Loch Broom, in Cromartyshire, in the 
south, and from this line eastwards to Lairg,in Sutherland, and 
Ben Wyvis, in Ross. It is normally a thin-bedded, highly quartzose 
eneiss, passing into a felspathic variety on the one hand, and into 
quartz schist on the other. Within the extensive area described, I 
have not been able to detect any evidence of the reappearance of 
the Hebridean. Near Lairg, it is true, the Shiness limestone, which 
is highly crystalline, is associated with bands of very massive horn- 
blende, together with bands and nests of mica, steatite, and several 
other minerals, all highly crystalline. From the general relations 
of these beds, I am disposed to regard them rather as a local varia- 
tion of the Caledonian, perhaps due in part to the presence of the 
limestone, than as an upthrust of the Hebridean. 


c. Assynt Series. 


1. Probable Age.—Two chief objections are urged by Prof. Heddle 
against identifying the limestone of Assynt and Erriboll with that 
of Durness. 

(1) The absence of the Durness fossils in the Assynt group. Sir 
R. I. Murchison alleges that “an orthoceratite” was found in 
quartzite on Loch Erriboll, and ‘‘ orthoceratites” in the limestone near 
Inchnadamff. The Erriboll fossil was described by Salter, and com- 
pared by him with Orthoceras (Cameroceras) Brongnartit (Troost ?). 
It was given to Murchison by Mr. Clark, of Erriboll House, who 
fixed its locality. The Assynt fossils were discovered by Peach, 
and handed to Murchison on the spot. Mr. Peach has recently 
(1882), in a letter to ‘ Nature,’ positively reaffirmed the genuineness 
of the discovery. Unfortunately, none of these specimens can be 
produced. Many observers, including myself, have since diligently 
searched for fossils in the limestone, but without success. 
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(2) Difference of chemical composition. Dr. Heddle quotes ana- 
lyses of the Assynt and Erriboll limestone by Dr. Thomas Anderson, 
published in the ‘ Transactions of the Highland Society,’ which show 
that the rock is a “typical dolomite,” while the Durness limestone 
is a “fairly pure” carbonate of lime. I confess myself not fully 
satisfied with Dr. Heddle’s objection. The chemical argument 
would certainly be of force if it stood alone; but it would have 
little weight against the merest fragment of fossil proof. The evi- 
dence of the orthoceratites, is certainly not decisive; but at the 
same time I hesitate to reject the testimony of such competent ob- 
servers as Murchison, Peach, and Salter. That the specimen de- 
scribed by Salter was truly an orthoceratite no one who is acquainted 
with the work of that accomplished palzontologist can reasonably 
doubt; and that Mr. Clark palmed a deception upon Murchison is 
not easy of belief, both from the want of motive and from the diffi- 
culty of obtaining the specimen. 

But,even waiving the fossil testimony just discussed, there are other 
facts which militate against the Archean age of the Assynt series. 
Foremost amongst these I would place the comparatively unaltered. 
state of the rocks. The quartzite bears but little upon the point, 
since we have in the British Islands undoubted quartzites as young 
as the Llandovery and as old as the Dimetian. But the beds above 
the quartzite display very slight alteration. In the Brown Flags are 
shales and slates as unchanged as any of Lower Palzozoic age 
(Nos. 103, 104, 107, 108, p. 418). In Assynt the Flags contain 
abundant vegetable impressions, the carbonaceous matter being as 
distinct and apparently as unaltered as in coal-shales. The unme- 
tamorphosed state of these beds cannot be accounted for on any 
principle of selective metamorphism. The rocks furnish all the 
materials for the production of schists. Magnesia is provided by 
dolomitic flags and limestones. Iron is so abundant that it gives 
the flags their distinctive colour. Alumina and alkalies are sup- 
plied by argillaceous, felspathic, and micaceous constituents. Yet 
with all the ingredients at hand, not a seam of true metamorphic 
rock has been formed. 

It is not here contended that the absence of metamorphism is 
absolute disproof of great antiquity; but as all Archean rocks 
hitherto studied are more or less metamorphosed, the presumption 
that an unaltered rock is not Archean is very strong indeed. 

The abundance of fossil remains is also unfavourable to the 
Archean hypothesis. The upper part of the quartzite is full of the 
well-known “‘ worm-holes.” In the same beds are numerous conical 
bodies, with a cone-in-cone structure. In transverse section, as 
they appear on the surface of the beds, the fossils are like three 
concentric rings, the central one being in diameter about % inch, 
and the outer ring 1 inch. These peculiarities are hardly such as 
we should expect in Annelids. Besides the above, there are the 
“ Fucoids” of the Brown Flags. Some of these are described by 
Nicol as ‘‘ straight, cylindrical fragments, like stems or branches of 
trees .... Some are marked with obscure scars, as of leaves and 
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branches. Round or oval markings, like those on the Stiqmaria of 
the coal, are also not uncommon.” This description appears to me 
strictly correct; and, in addition, I have observed in well-preserved 
specimens that the stems, which are hollow in the centre, present 
the appearance of several distinct concentric coats. Whatever this 
structure may mean, it appears clear that the fossils were true 
plants, and that they were of by no means the lowest type. I can 
hardly think but that woody tissue was present in these stems. 

Salterella (Serpulites) Maccullochit .will complete, so far as I 
know, the list of fossils. Salter describes these minute forms as 
“short, subconical, and curved tubes, of thick substance, and with 
but a slender central perforation;” and he compares them to 
Ditrupa. I have, however, obtained specimens in which a distinct 
cone-in-cone structure is visible, as in Piloceras of the Durness lime- 
stone. Transverse sections show the edges of three concentric 
septa (?), as in Salter’s plate* (fig. 21), and as in the conical fossils 
described above. These puzzling little things appear to be more like 
Cephalopods with conical septa than Annelids or Pteropods; but 
their small size, under 1 inch, suggests a doubt.. 

As we know of no undisputed fossil remains in undoubted 
Archean rocks, the facts just enumerated seem to bear against the 
Archean age of the Assynt series. On the whole, I see no sufficient 
reason to deny the received view of the correlation of this group ; 
but, since a doubt remains, I have preferred to use a local desig- 
nation. 

2. Subdiviscons.—As I shall have to submit evidence to prove the 
frequent inversion of the Assynt series, it is of the first importance 
that we should ascertain the order of its subdivisions in their true 
position. I must here assume, what I shall hereafter attempt to 
prove, the non-existence of the so-called “‘ Upper Quartzite” and 
“Upper Limestone” of Murchison. The chief horizons which I 
have recognized are the following :— 

c,. Torridon Sandstone and Ben More Grit—The ordinary Tor- 
ridon is too well known to need further description ; but the variety 
which I have called “‘ Ben More Grit” requires special notice. A 
little below the top of Coniveall (3234 feet), the western peak of 
Ben More, is a band of grit and conglomerate, hitherto grouped with 
the “Upper Quartzite,” of which it forms the base. The lowest 
beds of this series, ag seen in a precipice 600 or 700 feet below the 
summit in the spur which projects to the south, are greenish con- 
glomerates. The included fragments, which are well rounded, are 
mainly of quartz and gneiss, the former sometimes reaching a diame- 
ter of 6 or 7 inches, and are imbedded in a chloritic matrix. These 
basement conglomerates pass up into a green grit (No. 94, p. 417), 
alternating with finer green sediments. Mr. G. H. Bailey, B.Sc., 
who accompanied me in 1881, descended from the peak by a route 
which afforded him a clearer section of the higher beds than the line 
followed by myself in 1882 ; and he states that he ‘‘ came upon Tor- 
ridon, somewhat changed in aspect, after about 300 feet of descent. 

* Quart. Journ. Geol. Soc. 1858, pl. xiii. 
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It was made up of a series of beds of the usual coarse sandstone with 
intercalated thin bands of shale, the grit-beds being generally about 
6-10 feet, and the shale from 6 inches to 1 foot.’’ Mr. Bailey esti- 
mated the Torridon at about 300 feet. This would make the base 
of the series about 2600 feet above the sea, which agrees nearly 
enough with my estimate of 2500 feet, taken by aneroid at a time 
of considerable atmospheric disturbance. Judging by a large number 
of blocks of red grit scattered over the gneiss slopes below the con- 
elomerate, there can be no doubt that beds of this rock occur in the 
precipices above. The grit and conglomerate are continued down 
the Oykel valley for three or four miles; but the thickness I found 
not greatly to exceed 100 feet. 

The red variety is typically a quartzo-felspathic grit (Nos. 92, 
93, p. 417). It occurs abundantly in the localities on the Oykel. 
It is important to observe that these rocks are truly fragmental. 
They are composed of material which might have been derived from 
the Hebridean. 

In Ben More the conglomerate and grit rest in horizontal beds 
upon the nearly vertical gneiss which forms the nucleus of the 
mountain, and are overlain by the Ben-More quartzite, which I 
regard as merely a faulted repetition of the quartzite under the 
Dolomite. It would therefore appear that the grit represents the 
Torridon sandstone. There are, indeed, slight differences, the Ben- 
More grit being frequently green in colour, its particles being less 
often rounded, and its general aspect more strongly suggesting deri- 
vation from gneissic rocks. Whether-or not this group is exactly 
contemporaneous with any part of the Torridon is immaterial. It 
is sufficient for my purpose that it lies above the Hebridean and 
below the quartzite. 

c,. Quartzite.—This series is tolerably homogeneous from top to 
bottom; but there are certain differences which render possible a 
separation into two divisions, a lower (c, 1.) and an upper (¢, u.). 

Seamy Quartzite, c,1.—The base of the quartzite is characterized 
by the occurrence ‘of, thin seams of shale or grit and bits of red 
felspar, and, in Assynt, by the intrusion of beds or masses of felsite 
or diorite. The felspar grains are seen throughout Assynt at this 
horizon; and the seamy appearance is, so far as I have seen, per- 
sistent along the whole line as far as the North Sea. Indeed the 
uniform character of the quartzite is remarkable. About 10 feet 
from the base is a thin seam of quartzose grit, which appears at the 
same horizon at points over 30 miles distant on the strike. The 
basement of the series in Assynt is often a thin band of conglo- 
merate of quartz in a brownish matrix ; and a similar seam occupies 
the same position on Loch Erriboll. Towards Whitten Head the 
partings expand, so as sometimes to reach a thickness of several feet. 

Annelhidian Quartzite, ¢, u. (Pipe-rock).—The abundance of vertical 
burrows has been noticed by most writers. I have been unable to 
detect them in the lower series; but they characterize the upper part 
wherever I have studied the group—that is, from Loch Broom to 
Loch More, a distance of 35 miles, and on Loch Erriboll, 55 miles 
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from Loch Broom. To these facts I have been able to discover no 
exception in sections in which the rocks were undoubtedly unin- 
verted. Throughout this paper I avoid the use of the terms “‘ Lower ” 
and ‘‘ Upper” in reference to the quartzite, in order to prevent any 
confusion which might arise from the Murchisonian meaning of the 
words. 

T have seen no reason to believe that the quartzite ever largely 
exceeds 300 feet. The seemingly great thickening in certain loca- 
lities is, in my opinion, due to repetition by folding or faulting. 

c,. Brown Flags (Fucoid beds).—The rocks of this zone are very 
varied. The predominant type is a fine-grained arenaceous flag, 
which is sometimes argillaceous and sometimes dolomitic. There 
are also soft, thin-bedded, argillaceous shales, dark slates, and thin 
beds of dolomite and quartzite. The series, whatever its composi- 
tion, is distinguished by the abundance of iron, which, by its per- 
oxidation on weathered surfaces, gives rise to the characteristic 
rusty-brown colour. 

I have found this band persistent from Loch Broom to near 
Whitten Head. On Loch Broom the thickness is about 30 feet; 
but in Assynt it has expanded to 100 feet, retaining about the same 
thickness, or rather less, on Loch Erriboll. In the last locality it 
becomes more arenaceous, its upper beds passing into a kind of im- 
perfect quartzite, in which siliceous seams, weathering out sharply 
from vertical surfaces, alternate with softer material. This variety 
graduates upwards into the next band. 

c,. Salterella-Grit* and Quartzite—This zone is distinguished by 
the abundance of specimens of Salterella Maccullochii. On Loch 
Erriboll, where alone the fossils have been found, the beds are about 
15 feet thick. Some of the strata are an iron-stained quartzose 
grit; but quartzite proper also occurs. The Salterella abounds in 
both kinds of rock, but is in better preservation in the grit. In 
Assynt 10 feet of quartzite holds a corresponding position between 
the flags and the dolomite; and on Loch Broom thc quartzite has 
considerably expanded, the flags being much thinner; so that the 
ageregate thickness of flags and Salterella-quartzite is about the 
sameé as in Assynt. 

c;. Dolomite——Two years ago, before any doubt of the identity 
of the Durness and Erriboll limestones had been expressed, I was 
struck with the fact that the latter was but slightly susceptible to 
the action of hydrochloric acid; so that I was quite prepared for Dr. 
Heddle’s announcement of their chemical difference. I have re- 
cently applied the acid test to sixteen specimens, taken from widely 
separated localities between Ullapool and Erriboll. Fifteen of them 
exhibit but very slight effervescence, except along joints, where de- 
composition may be supposed to have supervened. ‘The sixteenth, 
from Loch Broom, where it was in contact with Hebridean gneiss, 
effervesces more freely. But in this case chemical reactions have 

* Since this paper was written, an article has appeared in the ‘ Geological 
pane by Prof. Lapworth, F.G.S., in which the same name is proposed 
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apparently taken place. The gneiss is chloritic, its silica having 
probably taken up a part of the magnesia of the dolomite; and the 
dolomite, thus partially decomposed, displays imperfectly the reaction 
of calcic carbonate. 

On the other hand, the Durness limestone, so far as I have seen, 
always effervesces freely with acids. 

The chemical distinction between the Durness and Erriboll lime- 
stones, pointed out by Dr. Anderson and reasserted by Prof. Heddle, 
thus appears to me to be firmly established. 

In Assynt I observed that the lower half of the Dolomite was of 
a dark grey colour, sometimes weathering almost black, while the 
upper part was nearly white. The same differeuce is equally well 
marked on Loch Erriboll. This separation into a Lower (c,1.) and 
an Upper (c, u.) Dolomite is useful as an aid in determining whether 
or not inversion has taken place. 

The maximum thickness of the dolomite is about 300 feet, or 
rather less. This estimate does not materially vary anywhere on 
the line of strike between Ullapool and Erriboll, the local changes 
being due, I believe, not to thinning but to faulting. 


II. Tae RELATIONS BETWEEN THESE FoRMATIONS. 


I describe the districts examined from 8. to N., since the evidence 
I have to adduce grows progressively stronger in that direction. 


Loca Broom. 


As this is one of the districts in which “a gradually descending 
series” has been affirmed, I devoted to it in 1881 a very close ex- 
amination. If there is no break here, we ought to find the same 
succession whereyer we run our sections; for, within so limited an 
area, variations of thickness along the strike cannot be considerable ; 
and it is of course impossible that this cause, though it may account 
for the absence of a group, should interfere with the true order. 
Of the sections examined I will describe six. These I take from 


S. to N. 


1. Section along the shore of the Loch from Ullapool to the S.S.E. 


At about half a mile from the hotel we come to sandstone and 
conglomerate, which occupy the shore for a considerable distance ; 
but in the rounded promontory which terminates in Corry Point a 
gneissic rock suddenly comes in. ‘This is the ‘‘ serpentine or felspar 
porphyry ” of Nicol; but in the paper of Sir R. I. Murchison and 
Prof. Geikie* it is described as “ serpentinous and felspathic rock 
containing pebbles of jasper,” and it is regarded as “a highly meta- 
morphosed band of felspathic grit.” It is the “‘ Logan Rock” of 
Dr. Heddle. As it plays a very important part in our inquiry, it 
is necessary to examine its true nature very carefully. 

I first made the acquaintance of the “ Logan Rock” on the high 
ground about half a mile due east of the hotel. It was a greyish 

* Quart. Journ, Geol, Soc. 1861, p. 185. 
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ageregate of felspar and quartz, without foliation ; and, not suspect- 
ing any thing wrong, I took it to be “ porphyry,” though there was 
something about it which suggested the granitoidite with which I 
was familiar in Wales and Shr opshire. Soon after I found distinet 
foliation, dark crystalline bands striking to the north-west. This 
was puzzling ; but as, at a short distance off, the rock was seen clearly 
to overlie the dolomite, I clung to the “igneous” theory. Coming 
down to the present section new light began to dawn. 

This formation occupies the shore of the loch for about a quarter 
of a mile, filling in the entire break between the sandstone and the 
Caledonian, no trace of quartzite or dolomite being visible, though 
bare rock is exposed almost the whole distance. The Caledonian 
crops up on the flat beach in contorted beds, dipping on the whole 
easterly, and ending abruptly on the west. Fifty yards from it we 
come to a green felspathic rock, without definite structure, but 
looking like partially decomposed gneiss. This passes towards the 
north-west into a true gneiss (No. 74, p. 416), composed mainly of 
reddish felspar, quartz, and a greenish mineral, the folia either dip- 
ping E.N.K. at a low angle, or rising nearly to the vertical, and stri- 
king to N.N.E. The resemblance of this gneiss to some of the Mal- 
vern and Wrekin types was very marked. Its appearance is widely 
contrasted with that ofthe Caledonian. The foliation is more mas- 
sive ; the crystallization is much coarser; the rock is quite destitute 
of that fissile structure which causes ordinary Caledonian to split up 
into flaggy pieces, and it is much tougher under the hammer. Its 
structure and behaviour was altogether that of the Hebridean, to 
which I referred it; andthe opinion then formed has been confirmed 
by a long study of the rock in more northerly localities during two 
successive summers, as will hereafter appear. 

Continuing along the shore to the N.N.W., we pass abruptly from 
the gneiss tothe conglomerate. By Murchison and Geikie it is 
stated that there is a gradual transition from the one into the other ; 
and hence it is inferred that the gneissic rock is a ‘‘ metamorphosed 
band of felspathic grit.” The section described by these authors 1s 
undoubtedly the one studied by me; but, after careful examination, 
I could not detect the slightest evidence of a gradation. ‘The line 
of junction is perfectly sharp. The gneiss (No. 63, p. 416), which 
mainly consists of felspar and a little quartz, and is coloured green 
(apparently by chloritic products of decomposition, as is commonly 
the case at faulted junctions), is in actual ‘contact with conglomerate 
and grit. The gneiss and the conglomerate are plastered together 
by the chloritic mineral, but are readily separable by a slight blow 
of the hammer. The plane of junction, which displays slicken- 
sides, is nearly vertical, the gneiss slightly overhanging the conglo- 
merate. ‘he bedding in both rocks is very obscure. 

In the same locality, a little way up the slope, the gneiss rests on 
quartzite; and close by the conglomerate rests on quartzite. My 
interpretation of these facts is, that by faulting, supplemented by 
lateral squeeze, older deposits, Hebridean and Torridon, are brought 
up and thrown over onto the quartzite. 
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2. Section along the road from Ullapool to the S.E. 


Near the hotel the Torridon is succeeded by the Quartzite, dipping 
E.N.E. at 15° and conformably overlain by Brown Flags and the 
quartzite which holds the place of the Salterella-zone. At the bridge 
and fall, red sandstone, undistinguishable from the Torridon, suddenly 
comes in; and close by is a small exposure of dolomite, with a dip of 
10-15° to E.N.E. As the place of the latter is on the high ground, 
200 or 300 feet above, there must here be both a faulting-up of the 
Torridon and a faulting-down of the dolomite. ‘Torridon then re- 
appears, overhanging the road for some distance, and is overlain by 
quartzite, the relations between the two being obscure, owing to the 
absence of clear bedding. The quartzite is apparently overlain by 
the Caledonian. 

This section differs materially from the preceding, though they are 
drawn along lines which diverge from each other not more than 
200 or 300 yards at the maximum. ‘The level of the present section, 
however, is about 100 feet higher. The Hebridean, though con- 
spicuous on the shore close at hand, does not appear ; and there are 
no signs of the inversion of the Torridon on the Quartzite. The 
Dolomite (which, on the received hy pothesis, should intervene be- 
tween the Quartzite and the Caledonian) is also wanting in its proper 
place. 


3. Section from Ullapool to the E.S.E. (fig. 1). 


This section starts from the same point as the last, but keeps the 
top of the slope above the road. Passing over the Torridon, Quartzite, 
Brown Flags, and Salterella-quartzite, we come to the Dolomite, 
which rises in dip, and to the east is suddenly contorted for a 
breadth of about twenty yards into a regular series of sharp folds, 
having evidently been crumpled up against the Hebridean, which 
appears near at hand. Beyond the Hebridean we soon reach 
grey thin-bedded gneiss (Caledonian) with undulating and unde- 
cided dips. 


Fig. 1.—Section from Ullapool to the E.SE. 
W.N.w. f fi <= 


<q * 


For explanation of the letters (¢ &c.) see Synopsis of formations, p. 355. 
Sf. Faults. 


Following the Dolomite and Hebridean respectively along the 
strike to the N.N.W., the broken nature of the ground becomes very 
evident. ‘The Dolomite every now and then suddenly disappears, 
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and the old gneiss is brought against the Quartzite. Limestone is 
not a rock which thins out from 100 feet to nothing within 50 
yards, and then as abruptly reappears. Dislocation, not deposition, 
can account fer such facts. But walking over the zone between 
the Quartzite and the Caledonian, the proof of dislocation is abso- 
lutely convincing. ‘The ground is literally a pavement of fragments. 
Blocks of quartzite, dolomite, and Hebridean are fitted in together 
without any principle of arrangement. In one spot, for example, 
passing along the strike of the Hebridean, we come to dolomite, 
then on to Hebridean, and then to quartzite. 

In this locality some soft shale occurs in association with the 
quartzite ; and in one place the shale is‘in actual contact with He- 
bridean. If what I have called ‘“‘ Hebridean” is igneous, why was 
not this shale altered? Or if this Hebridean is a part of the 
‘‘ Lower Silurian” subsequently metamorphosed, why should the 
metamorphosing agent have acted upon grit, and left shale in con- 
tact with the grit unaffected ? 


4. Section from Ullapool over the high ground to the ELN.E. 


This section was drawn with special care, the heights being taken 
with the aneroid. The base of the Quartzite was reached at 210 
feet above the sea, and the Caledonian at 700. The Assynt series 
was unbroken up to the Salterella-quartzite (660 feet), which sud- 
denly rose fnom its normal dip of 15° to 45°, and was succeeded by 
the Hebridean, which here is a reddish granitoidite. The dip of 
the Assynt rock is to the E.N.E. Beyond the old gneiss the Cale- 
donian (Hope series) is seen dipping to the E.S.E. at 10°. The 
abrupt plunging-down of the Salterella-quartzite would suggest a 
fault, even were there no other evidence to show that the Dolomite 
has been entirely thrown out. It is also to be noted that the strike 
of the Caledonian diverges from that of the Assynt group by 45°. 


5. Section along the south side of the Ullapool river, W. to H. 


This line runs about a mile north of the last. Walking up the 
valley, we first notice a fault in the Quartzite, the Torridon being 
thrown up to the east. Then we have the succession of the Assynt 
series nearly complete, the Dolomite approaching its maximum 
thickness of 300 feet. The upper part is probably cut out; for, 
above the narrow gorge which the river has excavated in this rock, 
the Dolomite is abruptly succeeded by the Torridon, again faulted 
up, the junction being very well defined. Along the line of contact 
deep trenches are hollowed out. Beyond the Torridon we come to 
the granitoid gneiss (Hebridean); and at the west end of Loch Auchall 
we reach the Caledonian. 


6. Section along the north side of the Ullapool river, W. to H. 


The succession in the lower part is similar to the last, the fault 
in the Quartzite being very clearly seen. But further east there is 
a remarkable difference. Though the two sections are parallel at 
a distance of little over a quarter of a mile, both the Dolomite and 


| aA 


ROCKS OF THE NORTHERN HIGHLANDS. 367 


the Hebridean are wanting, the Torridon occupying the entire 
breadth of country between the Brown Flags and the Caledonian. 
The fault, which is in the flags, is perfectly clear. The rocks are 
broken into a chaos of fragments—pieces of shale, dolomite, flags, and 
quartzite being thrown together in inextricable confusion. On the 
east side the Torridon rises in a small overhanging cliff. 

The relations between the sections described are seen in the follow- 
ing table. The numbers 1-6 stand for the sections. Up to the 
flags the order is the same in all; but between the flags and the 
Caledonian the six sections present sia different successions. Which 
of these is to be selected as the “‘clear ascending series”? The 
sections are too close together to permit of thinning-out, even if 
there were no signs of dislocation. If we reject dislocation, we 
have to invent new formations at random, substituting imagination 
for the known principles of science. 


Table showing the Variations in the Ullapool sections. 


fa (Obscure. ) Moe, Pte Heb. ) 
Bedét | 2. S.Q./Tor.| Dol. | Tor, | Quartzite. | ...... : 
’ Quartzite, 4 F ; ie) hee res: eee \ Caledonian 
peers HES) 55. G Dok (tor te! 2u! Heb. | 

WUE vite lt Sa Ih eontre ANG an Se A eee ) 


S8.Q.=Salterella-quartzite. Tor.=Torridon Sandstone. Dol.=Dolomite. 
Heb.= Hebridean. 


A very simple hypothesis will render intelligible the facts enume- 
rated. ‘The zone between the Quartzite and the Caledonian is sliced 
by several subparallel faults, which increase in throw from west to 
east—that is, towards the junction with the Caledonian. On the line 
of the Ullapool river, Torridon is first brought up through the 
Quartzite, and further east through the Brown Flags or the Dolomite, 
while still nearer the Caledonian the Hebridean is faulted up. On 
Loch Broom and in the hills above, the facts are similar, though the 
graduation in the throws is not quite so distinct. We shall find 
the same law in operation in Assynt with still more striking 
results. 

These conclusions are mainly negative. They show that in the 
Ullapool area there is no evidence of a continuous series. At the 
same time they dimly suggest the clear proof of inversion to be de- 
scribed in future sections. 


ASSYNT. 
Before we can reach a conclusion on the main issue, it will be 
necessary to settle several preliminaries. Of these the most im- 


portant are the true nature of the ‘‘ Upper Quartzite,” the “ Logan 
Rock,” and the “‘ Upper Limestone.” 


A. The “ Upper Quartzite” non-existent. 


Sir R. I. Murchison inferred the existence of an upper band of 
quartzite from sections at two localities, Croc-an-drein and the Bal- 
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loch under Coniveall. Two years ago I submitted to the Society 
reasons for believing that the limestone at Inchnadamff was the 
highest rock in the district ; and I showed that, when followed to the 
south-east, it was seen to dip away from the so-called “ Upper” 
Quartzite, and to form the north-eastern side of the Stronchrubie 
basin. Having minutely resurveyed the ground, I beg to offer 
what appears to me absolutely conclusive proof of my original view. 

The western slopes of Cnoc-an-drein extend between the Burn of 
Calda and the parallel stream called Poulan-drein, a breadth of over 
a mile. The junction between the Dolomite and the ‘“ Upper” 
Quartzite is more or less clearly exposed in the escarpment between 
the two burns, and more distinctly in the burns themselves. 


Section on the Burn of Calda. 


Leaving the high road a little north of Inchnadamff, and ascending 
the slope towards the col between Cnoc-an-drein and Glasven, we 
first detect small faults in the Dolomite; and a little higher up the 
throw increases, the Brown Flags, much squeezed and contorted, re- 
appearing east of the Dolomite and being followed by a repetition of 
the Dolomite in regular sequence. Beyond this, the evidence at first 
sight appears to favour the old view. In Calda Burn, at a water- 


Fig. 2.—Section on the Burn of Calda. (Scale 5 inches to 1 mile.) 
Ww. E. 


fall, the Dolomite, somewhat contorted, is seen to be succeeded and 
seemingly overlain by quartzite. Two facts, however, at once suggest 
suspicion of this apparent conformity. Ascending the stream, we 
find the quartzite dipping regularly to the E.N.E. for nearly a 
quarter of a mile; but suddenly the dip rises and the rock is bent 
back into a large overthrown fold (fig. 2). This contortion is clearly 
seen on both sides of the burn, which here forms a cataract, whose 
bed is in part formed by the curved surface of the strata. The 
quartzite is overthrown about 20°, the strata dipping into the hill at 
70°. Again, in a small tributary of the burn, close to the junction of 
quartzite and dolomite, is afragment of a bed of dolomite 18 inches 
thick, evidently not far from its matrix. This block is bent in the 
middle into a small overthrown fold, as clearly as could be repre- 
sented in a diagram. Now the large overthrow in the quartzite higher 
up proves the operation of an enormous lateral force; and the contorted 
dolomite shows that the same pressure was at work at the junction. 
Taking these facts in conjunction with the graduated faults before 
described, there appears no improbability in the suggestion that the 
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Dolomite may be brought into contact with or even under the 
Quartzite by a reversed fault. 

Towards the top of the burn, about 200 yards above the over- 
thrown fold, the quartzite curves up to the N.E., dipping away from 
the gneissic ridge of Glasven; and examining its base, we find an 
abundance of red felspar bits, just as at the base of the quartzite on 
Loch Assynt. This quartzite is also penetrated by felsite, apparently 
in the bedding, as is commonly the case with the admitted ‘‘ Lower ” 
Quartzite of this district. 


Scarp between Calda Burn and Poulan-drein. 


Returning to the junction of dolomite and quartzite, we trace it 
along the escarpment to the south-east for about three quarters of a 
mile, and there is little to be seen which could suggest a fault; but 
the outcrop is along the strike, and there is no visible superposition 
of quartzite on dolomite. But 200 or 300 yards from Poulan-drein, 
the actual contact of the two rocks is seen in a large pot-hole, 50 
feet deep, and forming a gash running east and west. Its northern 
side is a face of quartzite vertical right down to the base. The 
bedding is sharply bent up to the south-west. The south side is occu- 
pied mainly by the dolomite, lying nearly horizontal, and coming 
almost into contact with the quartzite at each end of the fissure, both 
rocks being very much broken. Igneous rock is intruded into the 
quartzite, and along the bottom of the hole. As this fissure is only 
a few yards wide, it is obvious that, if the dolomite and quartzite are 
conformable, the former should be seen in the lower part of the 
quartzite cliff. The evidence of faulting here seems to be nearly 
conclusive. 

Between the pot-hole and Poulan-drein, the exposures become 
scanty ; but it isseen that the Dolomite retains its strike, while the 
strike of the Quartzite turns round through almost a right angle, 
the strata dipping gently to the 8.H. right down to Poulan-drein. 


Section on Poulan-drein (fig. 3). 


The rocks up the stream are clearly exposed; and the evidence 
they furnish is decisive. Ascending from the shore of the loch, we 
pass over Quartzite, Brown Flags, Salterella-quartzite, and Dark 
Dolomite, all dipping steadily at about 15° to E.N.E. The White 
_ Dolomite succeeds, forming a shallow syncline, as seen on the south- 
east side, about 100 yards from the stream. Beyond this the Dark 
Dolomite reappears, but with reversed dip, 2. ¢. to the W.S.W., and, 
after two or three rapid undulations, is sharply bent up, at the 
foot-bridge standing nearly vertical, and becoming absolutely so a 
few yards higher. At a little fall, 50 yards above the bridge, the 
dolomite is conformably underlain by a band of quartzite 10 feet 
thick, holding the place of the Salterella-zone. This quartzite forms 
the fall. Above it we come immediately to the Brown Flags, 100 
feet in thickness, in vertical beds, but in places actually bent back 
so as tu dip at 80-85° into the ~idge. The section in the burn above 
is obscure for some distance ; but in a small cascade which falls down 
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Fig. 3.—Section on Poulan-dreim. (Scale 3 inches to | mile.) 


WwW. 


the right bank the uncertainty is removed. The Brown Flags, in 
curved overthrown beds, are succeeded, after an interval of a few 
yards occupied by drift and fragments, by the quartzite which we 
traced along the scarp, dipping to the S.H. at 5°. This quartzite is 
full of the ‘‘worm-holes;” and similar rock can be traced up Poulan- 
drein for over a mile, and over the south-eastern slopes of Cnoc-an- 
drein to the very summit (over 1500 feet). 

Prof. Miall, F.G.S., Mr. Tiddeman, F.G.8., and Mr. Eccles, F.G.S., 
visited this section under my guidance; and they all agreed that 
there was an overthrown syncline, with a fault beyond; but they ~ 
were not sufficiently familiar with the district to express an 
opinion on the age of the quartzite east of the fault. 

In this section we see that the Assynt group forms a synclinal 
fold thrown back upon itself; while quartzite, perfectly resembling 
the Annelidian Quartzite on the west side of the syncline, appears to 
the east in nearly horizontal beds. The natural interpretation of 
these facts is, that the underlying quartzite has been brought up 
along a line of dislocation and crush, and pushed laterally to the 
west, bending back the dolomite and flags. The upthrow cannot 
be great, the place of the Annelidian Quarzite being immediately 
under the Flags. 

Quartzite of Cnoc-an-drein.—l have said that the Annelidian 
Quartzite at the Poulan-drein fault can be traced without a break to 
the surmmit of this mountain. Going down from the summit over 
the north-western scarps towards Calda Burn, we pass over a de- 
scending series, till at the burn we reach the quartzite with red 
felspar bits. But this quartzite may be traced down the burn till 
it seems to overlie the Dolomite, as in the section described. In 
other words, ou Calda Burn the Dolomite is conformably (!) succeeded 
by beds which are from 100 to 200 feet lower in the quartzite series 
than the strata which conformably (!) overlie the Dolomite in Pou- 
lan-drein ! 
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“ Logan Rock” of Glasven.—lt is necessary here to anticipate a 
part of our proposed discussion on this disputed rock. In the upper 
part of Calda Burn the Quartzite rests upon gneiss. This rock is 
massive and coarsely crystalline. Were there no theoretical reasons 
to suggest acontrary conclusion, I think it would occur to no one 
acquainted with the district that this was any thing but the ordinary 
Hebridean, which appears in place a mile and a half to the west. © 
Many hand-specimens taken at random from both localities are quite 
undistinguishable. With the exception of a thin capping of quartz- 
ite, this gneiss forms the chief mass of Glasven (2541 feet). The 
bedding is much contorted, but is, on the whole, towards the east. 
According to the received view, this gneiss is conformably interca- 
lated between the Dolomite and the “‘ Upper” Quartzite. But in our 
former section (fig. 2, p. 368), the quartzite is alleged to rest, and 
does appear to rest, upon the dolomite. We are therefore asked to 
believe that this great mass of gneiss has thinned out within 500 
yards. Other difficulties will be pointed out further on. 


Section from the west end of Ben Uarran to the high road 
south of Inchnadamff (fig. 4). 


This line runs parallel to Poulan-drein, at a distance of about 400 
yards. Standing at the fall over the Salterella-quartzite in Poulan- 
drein, and looking along the strike to the south-east, we can see the 
Dolomite (upper section in fig. 3) rising up into the low ridge behind 
the house called in the Ordnance Map Glenbain, and the beds can be 
traced without a break between the two points, and on continuously 
to the 8.E., dipping steadily to the 8.W., and forming the N.E. side 
of the Stronchrubie syncline. At Glenbain the Dolomite is regularly 


Fig. 4.—Section between the west end of Ben Uarran and the high road south of 
Loch Inchnadamff. (Scale 3 inches to 1 mile.) 


Stronchrubie 
Talus. syneline. W.S.W. 


underlain by the Brown Flags, just as on Poulan-drein, but with a 
lower dip; and to the south-east the Annelidian Quartzite comes in 
conformably under the flags. Turning to the N.K., and ascending the 
slopes of Ben Uarran, we pass outcrops of thesame quartzite. Then 
we find it roll over slightly to the N.E. and after a narrow interval 
occupied bytalus, we come againuponthe Annelidian Quartzite almost 
vertical. It is impossible to speak with certainty of what underlies 
the talus; but it may mask the prolongation of the Poulan-drein 
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fault. As rocks of the same zone occupy the ground on both sides, 
there can be but little throw, even less than on Poulan-drein. In- 
deed this fault can be little more than a crack caused by the syn- 
cline being compressed to fracture. Higher up the quartzite is 
underlain by rocks of the seamy type, with felspar bits and intru- 
sions of felsite and diorite. Reaching the summit of the western 
spur (1800 feet) of the mountain, we find these beds squeezed up 
against a mass of gneiss into several very closely appressed folds. 

Returning to Glenbain, we start, in the opposite direction, to the 
south-west. The Dark Dolomite, dipping 8.W., is followed by the 
white Dolomite, which lies in a syncline, on the 8.W. side of which 
reappear in regular succession all the members of the Assynt series. 
The outcrop of the higher subdivisions forms the precipice over- 
hanging the high road between Stronchrubie and Inchnadamff, the 
Quartzite and Torridon rising into the well-known mountain-masses 
south of Loch Assynt. 

We have in this important section an indubitable syncline, the 
northern side of which has been thrust laterally by the mass of 
gneiss, so that the dip is higher, and the rock is sharply contorted. 
The section is unbroken, except at the narrow interval, a few yards 
wide, occupied by talus; but the Annelidian Quartzite occurring on 
both sides of it, there is no reasonable doubt of the completeness of 
the series in both halves of the syncline. If this reading is correct, 
we must admit that the ‘‘ Lower ” Quartzite of Canisp, after passing 
under the basin of dolomite, is transformed into the “ Upper” 
Quartzite of Ben Uarran ! 

I may be permitted to revert to an argument adduced in a pre- 
vious paper*, and which a more detailed study of the ground brought 
home to me with irresistible force. What has happened to the 
northern side of the Stronchrubie basin in its prolongation tothe west? 
Near Glenbain the series is complete down to the Annelidian 
Quartzite ; but west of Poulan-drein, a distance of from 500 to 600 
yards, the whole has vanished. What has become of it, if it is not 
faulted out? And if itis faulted out, the argument for an “ Upper” 
Quartzite, so far as Murchison’s celebrated Cnoc-an-drein section is 
concerned, falls to the ground. 


Section in the Balloch under Conweall (fig. 6, p. 383). 


This is the second locality where the Dolomite is alleged to pass 
below an “ Upper ” Quartzite. I may freely admit that an observer 
who had not studied the district in detail might naturally form 
Murchison’s opinion. On the west side of the pass we see clearly 
exposed the typical series from the Quartzite, full of «‘ worm-holes,” 
to the Dolomite, the whole dipping E.N.E. at 40°. At the south 
end of the gap the Dolomite appears to dip below quartzite. 

That there is an unbroken succession here is refuted by the fol- 
lowing considerations :— 

(1) The White Dolomite and the greater part of the Dark Dolo- 
mite are absent, the thickness of dolomite being very slight. The 

* Quart. Journ. Geol. Soc. 1881, vol. xxxvii. p. 248. 
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Dolomite series is complete about a mile to the west, at Loch Mao- 
lack Corry; and it is also seen in both its members on Loch Erri- 
boll, at 25 miles distance. It is therefore highly improbable that 
such a rapid attenuation should occur between Loch Maolack and the 
Balloch. 

(2) The dolomite at its junction with the “ Upper ” Quartzite is 
crushed into an angular breccia for a distance of several feet, a 
fact the significance of which it is needless to point out. 

(3) The quartzite which it is alleged to overlie contains bits of red 
felspar, as in ordinary basement quartzite. 

(4) If there is no fault here, several hundreds, vf not thousands, of 
feet of gneiss have entirely thinned out within 100 yards. On the 
precipitous slopes just above the dolomite to the east, we come to 
massive gneiss (Logan Rock) rising in steep cliffs to about 1000 feet 
above the Balloch (1500 feet), extending to the east in the tremen- 
dous precipices which fall down from the peaks of Ben More, and, 
in fact, forming the chief mass of that magnificent group of moun- 
tains. As the bedding is vertical or very high, the thickness must 
be considerable. Hw hypothesi the place of this gneiss is between 
the Dolomite and the ‘“‘ Upper” Quartzite; yet, within a stone’s 
throw to the west, the gneiss is wanting! Comment on such a fact 
is superfluous. My fullreading of this section, with an illustration 
(fig. 6), will be hereafter given (p. 383). 


Section up Glen Coul (fig. 7, p. 391). 


I have shown that in the typical localities of Murchison the 
so-called ‘‘ Upper” Quartzite is composed of two members, “‘Seamy ”’ 
and ‘* Annelidian,” which precisely resemble the two divisions of the 
“ Lower ” Quartzite. But it will possibly be urged that this 
similarity is due to arepetition of similarconditions. This objection, 
however, could hardly be made if in any place we found the 
“Upper” Quartzite to include. the chief members of the Assynt 
series. Such a section actually occurs in Glen Coul. 

About a mile up the glen, we see that the “Logan Rock” is 
overlain by quartzite, seamy, with red felspar bits. Leaving the 
stream and ascending the slope to the north, we come to the Anne- 
lidian Quartzite ; and just below the conspicuous peak formed by the 
Caledonian, the Brown Flags occur in place, overlain by dolomite. 
The quartzite is rather below its average thickness. The flags also 
are attenuated ; but we can detect two varieties of the group, shales 
and ferruginous dolomite, such as are seen at the mouth of the 
glen, below the Hebridean. ‘The dolomite is very thin, probably 
under 20 feet. It is of the typical dark-grey type. The total 
thickness of the Assynt rocks in this section I estimate at a little 
under 250 feet. On the sea-loch, over a mile to the west, it may 
reach 100 feet more ; but even here the Dolomite is, in some spots, 
very thin or entirely wanting. The only difference between the 
groups above and below the Hebridean is, that in the western section 
the Flags and sometimes the Dolomite are much thicker. But that 
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the Assynt series should thin out towards the east is what might be 
expected from the well-known behaviour of its lowest member, the 
Torridon Sandstone. As regards the Dolomite, its frequent thinness 
or absence is, I believe, due rather to faulting than deposit-con- 
ditions. 

Dolomite of the dark-grey type is also seen a little above Annelidian 
Quartzite near Rhie Cnoe, a mile or so south of Glen Coul. I did not 
detect the Flags on a hasty inspection ; but if present, they could not 
be of average thickness. 

Those who deny that the section in Glen Coul is merely the 
ordinary Assynt group repeated to the east, must believe that, after 
an interval represented by the “Logan Rock,” the operations of 
nature reproduced an almost exact facsimile of the “ Lower” series 
—viz. seamy quartzite with red felspar bits, annelidian quartzite, 
brown flags, including two well-marked types, and dark dolo- 
mite. J may safely assert that the science of geology has not 
hitherto furnished us with an example of such a coincidence. 


B. The “ Logan Rock” not separable from the Hebridean. 


This remarkable group attains considerable dimensions in Assynt. 
Commencing in the south, we find it forming the mountain Scounan 
(2028 feet). Then crossing the valley of the Oykel, it rises into 
the Eagle Rock (2345 feet) (No. 76, p. 415); and it is continued to the 
north in the Ben More group, constituting the whole of that extensive 
mass, except a capping of grit and quartzite. It is enveloped 
in quartzite in Ben Uarran; but it reemerges at the western end ; 
and being again covered in by the quartzite of Cnoc-an-drein, it - 
ascends to over 2000 feet in Glasven. From this point it is con- 
tinued to the north, in elevations of from 1500 to 1700 feet, 
across Lochs Glen Coul and Glen Dhu to Craig Dhu (No. 80, p. 416) 
on Loch More. To the east of Glasven, it is represented in Dr. 
Heddle’s map as forming the main part of Ben Uie (Uidhe) and 
the hills above Gorm Loch. 

This rock, whatever its age, is as much a gneiss as the Hebridean. 
There is the same massive bedding, the same coarse crystallization, 
the same toughness under the hammer, the same non-fissile fracture, 
the presence of similar nodular masses of greenish hornblende, the 
same abundance of epidosite*, and the prevalence of the same 
essential minerals, quartz, felspar, and hornblende or mica. Such 
differences as occur are merely varietal. ‘Logan Rock” within a 
mile of Hebridean differs no more from it than do varieties of He- 
bridean at the same distance from each other. 


a. Objections to the H ebridean.age of the ** Logan Rock ” 
considered. 
Dr. Heddle, comparing the lithology of the two rocks, affirms 
that accessory minerals are present in the Hebridean, but wanting 


* Admitted by Prof. Heddle, according to Mr. Hudleston (Geol. Mag. Sept. 
1882, p. 396). 
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in the “ Logan Rock.” The epidosite and the nodules of horn- 
blende are surely exceptions to this. Assuming, however, the 
general accuracy of Dr. Heddle’s generalization, I may observe as 
follows :— 

(1) That the occurrence of accessory minerals in some parts of a 
formation does not prove that they will be found throughout its 
entire extent. The Caledonian, for example, usually contains few 
minerals, but at Shiness they are found in rich abundance. 

(2) That the western area is in some places penetrated by 
granite veins. May not these have had something to do with the 
accessory minerals? Indeed, most of the minerals identified by 
Dr. Heddle are referred by him to the Cape Wrath—Durness dis- 
trict, in which granite veins abound, and some of the minerals are 
stated to occur in intrusive dykes, a fact which I myself observed 
near Durness. 

(3) That the area occupied by the “ Logan Rock” is insignificant 
compared with the large tract of Hebridean; and, from what I 
have seen of the old gneiss, | more than suspect that many areas 
of undoubted Hebridean could be found in which minerals are as 
scarce as in the “ Logan Rock.” The only minerals (omitting the 
epidosite and hornblende nedules) I have detected away from 
Durness are some nests of brown garnet, found above Kyle Sku ferry. 

While, therefore, conceding that Dr. Heddle’s objection deserves 
consideration, I cannot admit that it is at all decisive of the ques- 
tion. General characters are of much more value than local pecu- 
liarities ; and in this case the general resemblances are clear and 
decided. 

The comparative absence in the ‘Logan Rock” of planes of 
separation between beds has been adduced as another mark of 
difference. Here, however, I dispute the alleged fact entirely. 
Although familiar with both rocks, 1 have been unable to detect 
any marked distinction between them in this respect. 

(4) A difference of weathering has also been asserted. The He- 
bridean is said to be more thickly clothed with vegetation than the 
‘‘ Logan,” owing, presumably, to the formation of more soil. But I 
believe this is due merely to a difference of level. The “Logan” gene- 
rally forms much higher ground, and has been more widely cleared of 
its Boulder-clay. At low levels it is as green as the Hebridean. 
On the other hand, on lofty ground, as on the higher slopes of Ben 
Stack, the Hebridean has the bare “ knobby” appearance of the 
“ Logan Rock.” 


b. The Author’s Objections to the Contemporanerty of the “ Logan 
Rock” with the Assynt Series. 


It is granted at starting that the “ Logan Rock” does actually 
overlie some part. of the Assynt group; but the contention is that 
this position is due, not to deposit, but to dislocation. 

1. The “Logan Rock” not conformable to the rocks below it.— 
I have already shown that at Ullapool the massive gneiss rests at 
different points upon each of the members of the Assynt series, 

2E2 
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from the Torridon to the Dolomite. A similar discordance is seen 
in Assynt. In Scounan and Ben More it lies upon Ben More Grit 
(Torridon), upon the Quartzitein Ben Uarran and on Camaloch, and 
upon the Salterella-quartzite on the south side of Loch Glen Coul. 
At the head of Loch Glen Coul it rests indiscriminately on quartzite, 
brown flags, and dolomite. 

Besides this, there is a frequent want of concordance in the 
strike of the “ Logan” and of the rock under it. Thus, on Loch 
Glen Coul the normal direction of the Assynt series is to N.N.E., 
while the strike of the gneiss which lies over it in the steep cliffs 
is almost invariably to some point between W. and N.W. At the - 
actual contact there is sometimes conformity of dip, due, as I 
believe, to the enormous pressure to which the rocks were subjected 
during the overthrow; but these coincidences are merely local. 

On Loch Glen Dhu, further north, the gneiss strikes E. and W., 
the Assynt rocks maintaining their N.N.H. direction. 

2. The ** Logan Rock” not conformable to the rocks above it.— 
It is impossible for two groups to exhibit a more marked uncon- 
formity than exists between the “Logan” and the ‘“ Upper” 
Quartzite of Ben More (fig. 6, p. 383). The gneiss 1s magnificently 
exposed in the precipices which encircle the wild tarn of Dhuloch 
More. The strike is usually to the N.N.E., in massive, almost 
vertical, sometimes intensely contorted beds. ‘The overlying grit 
and quartzite are either horizontal or dip in an easterly direction 
at a low angle. In the section on the south side of Coniveall, 
already described in part (p. 372), the conglomerate and grit are 
horizontal, and the gneiss is almost vertical. 

Ben Uarran is capped by nearly horizontal quartzite, while the 
gneiss which appears at the west end has a high dip to E.N.E. 

The discordance is also seen at the north end of the summit of 
Glasven, above Corry Dearg. The “ Logan Rock” is sharply bent 
into a syncline, into which the quartzite has sunk; and, apparently 
by a continuation of the lateral pressure, the quartzite is squeezed 
into two or three overthrown folds combined with reversed faults. 
These contorted beds are seen as in a vast diagram in the cliff 
facing to the north, overhanging the loch. On the plateau above, the 
continuation of these beds lies almost horizontally upon the high- 
dipping gneiss. 

Similar facts are seen in Glen Coul, where quartzite, with a 
gentle easterly dip, rests upon gneiss striking at high angles to 
W.N.W. 

The “‘ Logan Rock” being in the highest degree unconformable 
to the rocks both above and below, it can no longer be regarded as 
a member of a continuous series. If there is no dislocation, there 
must be two enormous breaks. Assuming the “ Lower” Quartzite 
to be Ordovician, the “ Logan” must be at least Devonian, and the 
“ Upper” Quartzite can hardly be Paleozoic at all. 

These neasonings have proceeded upon the assumption that in the 
“Logan Rock” foliation corresponds with stratification—a theory 
which, so far as I know, has never been disputed in reference to the 
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admitted Hebridean. If the foliation does not represent bedding, 
it represents current-lamination, cleavage, or something else. 

Passing over current-lamination as obviously out of the question, 
let us examine the cleavage hypothesis. A few considerations will 
show its inapplicability. 

(1) Cleavage-planes are uniform over large areas; but the planes 
in the “ Logan” often dip, within a square rood, in more than one 
direction, their strikes sometimes bend sharply round, and they are 
contorted precisely as in the case of ordinary strata. 

(2) Cleavage-planes cut across bands of varying composition ; 
but the planes of fission in the “ Logan Rock” coincide with such 
bands. 

(3) Cleavage-planes are not confined to certain horizons, leaving 
rocks above and below which are susceptible of cleavage unaffected. 
But shales and grits which rest upon the “ Logan Rock” in Ben 
More, and similar strata below the “ Logan” of Glen Coul, present 
but slight traces of cleavage; and such cleavage as exists does not 
coincide in strike with the foliation of the gneiss. 

If it be suggested that this foliation is the result of some un- 

‘known force, I can only reply that it will be time for me to examine 
this cause when it has been discovered. Meanwhile I am justified 
in working on the accepted principles of our science. 

3. The strata below the “ Logan Rock” not metamorphosed.—The 
“Logan Rock” is as highly metamorphic as the Hebridean, but the 
underlying rocks have undergone little change (see p. 359). Now 
I do not affirm the impossibility of contemporaneous metamorphic 
rocks resting on unaltered beds; but I do not know of such a 
relation in the British Isles. Such cases have, indeed, been alleged 
to occur in North Wales and Ireland; but after studying most of 
these instances in Wales and some of the most critical in Ireland, 
I am compelled to reject them, the apparent superposition of the 
metamorphic rocks haying been ascertained, in every section exa- 
mined, to be due to dislocation. When, therefore, we find highly 
erystalline gneiss overlying shales and slates, our experience in the 
British area raises a strong presumption against the contemporaneity 
of the metamorphic rocks. I have already shown (p. 359) that the 
phenomena cannot be explained by selective metamorphism. 

4. No beds of passage between the “ Logan Rock” and the rocks 
above and below.—If any formation intercalated between others had 
been metamorphosed, we should expect some signs of transition 
between the metamorphic and the unaltered rocks. Such evidence 
is, indeed, offered by Dr. Heddle. ‘Thus he states that, on Cama- 
loch, the ‘‘ Logan Rock” occurs in the “ Upper” Quartzite “‘in five 
closely adjacent beds.” Having studied the locality, I am unable 
to accept this reading. There is abundant evidence of excessive 
contortion, crushing, and dislocation ; and the alleged intercalations 
I believe to be merely repetitions by faulting. Similar facts. axe 
stated to occur in Glen Coul, in a section which I visited under the 
obliging guidance of Dr. Heddle. I was not satisfied with the 
evidence then adduced; and the facts collected at the time, confirmed 
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and enlarged by subsequent more deliberate study, led me to con- 
clude that the supposed interstratification of ‘“‘ Logan Rock” was 
one of three things :— 

(1) The seamy: layers of the lower beds of the quartzite, greened 
by vegetation at the outcrops. These bands, when broken into, 
proved to be quartzose grit. 

(2) Intrusive dolerite, which in one section was clearly seen to 
break up through lower beds, and spread itself out between quartzite 
strata. ‘This rock bears some resemblance to certain green horn- 
blendic bands in the gneiss; but it displays no signs of foliation, 
and has the characters of an ordinary dolerite. 

(3) “ Logan Rock” repeated by faults, the rock which succeeded 
it being in every case the well-known seamy quartzite. 

I am not aware that a passage between the “ Logan Rock” and 
the adjacent formations has been alleged for any other localities. 

5. Alteration and crushing of the “ Logan Rock” at junctions 
with other formations.—After having examined junctions in some 
scores of sections *, I cannot recollect a single case in which the 
gneiss did not display signs of alteration at junctions. This evi- 
dence was seen in one or more of the following particulars :— 

(1) The gneiss was green in colour, owing to the presence of a 
chloritic mineral (No. 63, p. 416). This mineral was either dis- 
seminated through the mass or occurred in thin folia. 

(2) Even when there was no alteration-product present, the 
gneiss was usually soft and decayed, offering a marked contrast to 
the typical ‘‘ Logan,” which is tough and sound. 

(3) The gneiss presented a confused, “‘ messy” appearance. 

These kinds of alteration are such as we expect to find at faulted 
junctions. Atmospheric waters, sinking down the fracture, would 
find ample material for the formation of hydrous magnesian sili- 
cates. The rotten state of the gneiss is accounted for by the 
decomposition which has taken place. In the partial dedolomi- 
tization of the magnesian limestone in contact with gneiss, already 
described (p. 362), we have an apparent example of the chemical 
reaction of the gneiss upon the dolomite. 

The crushing of the gneiss in contact with newer rocks is very 
marked. ‘This. cause, combined with decomposition, often renders 
it impossible to obtain a clean fracture. The evidence is still clearer 
under the microscope (Nos. 63, 73, 74, 80, 81, 83-91, pp. 416, 417). 
A few of these specimens have a very fragmental aspect; and I 
think it possible they may be gneissic débris, highly altered. They 
are, however, regarded by Prof. Bonney as Hebridean crushed im 
situ, though his opinion is not free from hesitation. The position 
of these perplexing rocks is always between the sound gneiss and 


* T include Ullapool in this generalization. 

# [The sole reason for this hesitation was that the opinion was formed on 
the slides alone, knowing nothing of their stratigraphy; and now and then a 
crushed rock simulates to an extraordinary extent a true sedimentary rock. 
In several of the slides T had no doubt whatever I had “crushed Hebridean” 
before me. —T. G. B.] 
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the Assynt series ; and for the purpose of this paper it is immaterial 
to which they belong. The majority of the above-named specimens 
are undoubted gneiss, taken from the “Logan Rock” near its 
faulted junction with other rocks. 

6. Strikes of the “ Logan Rock” and Hebridean frequently con- 
cordant.—It is usually affirmed that the prevailing strike of the 
Hebridean is north-westerly. This holds for some districts, but it 
only partially applies to Assynt. On the south side of Loch Assynt 
the strike is E.N.E.; and on the north side, where we first come 
upon it after leaving the Torridon, the strike is N. 10° W. Further 
to the north, on Loch Glen Coul and the slopes south of Kyle Sku 
ferry, the dip is to the N.W. at low angles; but, leaving the north 
side of the ferry, and following the path to the N.E., which leads 
to Loch More, the strikes are seen to vary frequently, my note-book 
furnishing the following changes, taking the strikes from west to 
east—viz. E. and W., W.N.W., W.S.W., N. and S., N.W., W.S.W., 
W.N.W., and N.N.W., the prevailing direction perhaps being north- 
westerly. Taking the Hebridean of Assynt as a whole, the varia- 
tions are too great to permit a general induction. 

Coming to the “ Logan Rock,” we have seen that its usual strike 
in the central masses of Ben More is N.N.E. or N.10°E. In 
Glasven the foliation is to the N.N.W., concordant with the strike 
of the nearest Hebridean (on Loch Assynt). In Glen Coul -the 
strike is N.W.; and in Glen Dhu, E. and W.—that is, more or less 
transverse to the strike of the undisturbed Hebridean under the 
Quartzite on Loch Glen Coul, but agreeing more nearly with the 
prevailing strikes on the road to Loch More; indeed the strike of 
the “ Logan” of Glen Coul, if produced to the N.W., would coincide 
with that of the admitted Hebridean on the Loch More road. 

Comparing the “Logan Rock” as a whole with the Hebridean 
as a whole, the coincidences of dip and strike are greater. Thus, in 
the northern part of Assynt—that is, in Ben Uarran and Glasven, 
and between Lochs Assynt and More—the “ Logan Rock” strikes 
westerly or north-westerly, as in typical Hebridean; and in the 
Ben More masses, though the strikes vary between a few degrees 
EK. or W. of N., the dips are very high, frequently nearly or quite 
vertical, as is so frequently the case with the old gneiss. 


C. Direct Proof of the Overthrow of the Hebridean. 


Many of the considerations already advanced point to the con- 
clusion that the “ Logan Rock” is the Hebridean gneiss brought up 
over the Assynt series by earth-movements. But evidence still 
more decisive can be adduced. 

We have seen that the vertical or high-dipping gneiss of Ben 
More is overlain by horizontal conglomerate and grit (No. 94, 
p. 417), forming the base of the “‘ Upper” Quartzite. The place 
of the Ben More Grit is then above the gneiss (Logan Rock). In 
the ground to the south this relation is reversed. 
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(Scale about 3 inches to 1 mile.) 


Fig. 5.—Section from Loch Maolack Corry to Dhuloch More. 
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Section up the Cascade from 
Dhuloch More (east end of fig. 5). 
—The facts here described occur 
within one mile to the south of the 
section to which reference has just 
been made. ‘They are well seen 
in the wild gorge occupied by the 
infant Oykel as it cascades down 
from the elevated tarn of Dhuloch 
More (1500 feet). The bottom of 
the valley (900 feet) is formed of 
the Quartzite, which sweeps down 
in undulating sheets from the 
lofty ridge of Brebag. The dip is 
H.N.E. at 15°. This rock is con- 
tinued up the stream to about 
1000 feet, where it is conformably 
overlain by Brown Flags, Salte- 
rella-quartzite *, and between 20 
and 30 feet of the Dolomite. 
Thus far the succession is normal. 
Resting on the Dolomite, appa- 
rently in conformable succession, 
is about 100 feet of reddish 
felspathic grit (Nos. 92, 93, p. 417), 
which, towards the top, rises in 
dip to nearly 90°, and is overlain 
by red and green gneiss, with ob- 
scure bedding. A little higher up, 
this gneiss dips easterly at a low 
angle; and following it to the 
high ground above, it is seen to be 
continuous with that which forms 
the chief mass of Ben More. 

The grit, overlain by similar 
gneiss, rather soft and decayed, can 
be traced for more than two miles 
to the south along the steep 
escarpment which overhangs the 
eastern side of the Oykel valley. 
The gneiss forms the vertical cliff 
crowning the scarp. Below it the 
grit occupies the slope, and is ex- 
posed in several small cascades. 
Towards the south, green grit 
begins to be intercalated with the 
red variety; and on the stream 
from Dhuloch Beg the colour is 


* This band, owing to its thinness, is 
not always inserted in the sections. 
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mostly green, the rock being of precisely the same character as the 
erit in the peak of Coniveall. 

Section up the Cascade from Dhuloch Beg.—The lower part of the 
burn, just above the Oykel river, is occupied by drift and bog. 
The lowest rock seen is a slight outcrop of gneiss, dipping E.N.E. 
at 45°. Above this is green grit, with, in one place, the red variety, 
the total thickness being a little under 100 feet. Towards the 
upper part the rock becomes coarser, small pebbles coming in, then 
larger ones, till at the top we reach a massive conglomerate, undis- 
tinguishable from the rock which lies at the base of the grit in 
Coniveall. The larger pebbles, which are of highly altered quartzite, 
are from 6 to 8 inches in diameter. Some of the smaller ones are 
a granitoid gneiss, similar to ordinary Hebridean. This conglo- 
merate dips E.N.E. at 30°, and is overlain by gneiss dipping E.N.E. 
at 40°. ‘The two rocks are in immediate contact, the conglomerate 
being’a little crushed and contorted. The gneiss can be traced up 
literally without a break into the massive gneiss of the southern 
ridge of Ben More. But the importance of the section requires 
more detailed description. 

The gneiss (No. 73, p. 416) overlying the conglomerate is similar 
to ordinary granitoid Hebridean; but associated with it are some chlo- 
ritic bands. Ascending the slope above the northern bank of the cas- 
cade, we find the prevailing dips of the gneiss are still at alow angle 
to H.N.E. Here and there, however, the foliation abruptly changes 
to vertical with a northerly strike. Continuing along to the north- 
east, round the cliffs on the north-west side of Dhuloch Beg, the 
usual dip is about 20° to N.E.; but further east it gradually rises 
to nearly 90°, with strike to the north. The precipices overhanging 
the N.N.W., N., and N.E. sides of the loch are formed of the gneiss, 
still almost or quite vertical, striking N. 10° HK. Ascending Eagle 
Rock (2345 feet), I found The gneiss, with a northerly sos right 
up to the summit. On the south-east slope lies a thin band of 
quartzite, dip 8.S.E. at 15°;-but at the extreme south-eastern 
point of the mountain the oneiss reappears (No. 76, p. 415). 

Returning to the Oykel valley, and working from the gneiss 
back to the conglomerate along a more southerly line, we observe 
similar facts. Leaving behind us the igneous mass north of Loch 
Ailsh, we reach our ground at about two thirds of a mile south of 
Dhuloch Beg. Climbing the scarp to a height of about 1000 feet, 
we first come to about 15 feet of quartzite, with red felspar bits, 
dipping south-easterly at 30°-40°, and underlain by a few beds of 
sandstone and grit. Then, between this point and the Dhuloch 
Beg cascade, half a mile to the north-north-west, we have the 
following descending succession :— 


Massive gneiss, vertical, foliation-strike N.N.E.-N.E., probably on the 
strike of the vertical gneiss on the loch. 


Do., underlain by soft mica-schist, dip E. at 60°. 
Do., dip N.E. at 70°. 
Do., dip E.N.E., 60°-70°. 


Do., at junction mie conglomerate in cascade, dip H.N.E., 40°. 
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We conclude from these two traverses that vertical gneiss striking 
to (roughly) N.N.E. gradually slews round to a north-westerly 
direction, and in the same graduated manner falls in dip to 40°, 
where it rests upon the conglomerate and grit. 

We have here observed the following facts :— 

(1) Red and green grit, which rests on gneiss at Coniveall, is 
overlain by the same gneiss (for there is no break in its continuity) 
in the southern sections. 

(2) In Coniveall the grit terminates downwards in conglomerate, 
but to the south the conglomerate is at the summit, in both cases 
being in contact with the gneiss. 

(3) The vertical gneiss in the Ben More massif gradually changes 
its strike and dip till it is seen to overlie the conglomerate. 

These appearances seem to me inexplicable except on the suppo- 
sition of an overthrow of the gneiss and grit upon the dolomite. 
But corroborative evidence may be adduced. 

Section at the north end of Scounan More.—Scounan More*, 
situated to the south-south-west of the last section on the opposite 
(the west) side of the Oykel, is a mass of gneiss with nearly vertical 
foliation, whose strike produced northward would coincide with the 
strike of the gneiss in Ben More. The rock is of the usual coarse, 
massive type, and is very distinctly foliated. At the north end the 
ridge falls down abruptly on to the col (Bealach Choinnich) which 
separates it from Brebag. This notch marks a fault, quartzite against 
gneiss. The junction is well seen in the steep slope down to the Oykel, 
a little south of the col. The gneiss dips 8.E. at 70°; and the 
quartzite is in actual contact, dipping to 8S. 30° E. at 20°; but ata 
little distance the quartzite is nearly horizontal. I followed the 
dislocation downwards for hundreds of feet, and as a stream kept 
nearly to the fault, and washed the rock-surface clean of débris, 
the evidence was singularly clear. The gneiss was a little contorted 
at the junction, and rather decayed, besides being “‘ messed” with 
chloritic matter. The great discordance of dip was steadily main- 
tained. 

Reascending to the pass, we find its steep southern side occupied 
by a dark-green shaly rock, passing upwards into a green gritt 
(No. 95, p. 417) of the usual Ben More type, which dips below the 
gneiss of Scounan. All the beds have a south-easterly inclination, 
the gneiss at a higher angle. The grit rests upon the quartzite, 
which abuts against the fault. 

This section throws light upon those just described. We here 
see, as if were, the anatomy of the overthrow. The quartzite is 
thrown down against the gneiss in nearly horizontal beds: and the 


* “Seonnan Mor” on the Ordnance Map. Throughout this paper I have as 
far as possible used the naming of the Duke of Sutherland’s Map, as more 
nearly representing the pronunciation. 

t It will be seen from his note that Prof. Bonney, without any knowledge of 
my views on this point, infers that the grit “ appears to have been greatly com- 
pressed, as if nipped in a fault.” 
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high-dipping gneiss, with its overlying green grit, is, by powerful 
lateral pressure, bent over onto the younger formation. An outlier 
of the quartzite forms a thin sheet sloping down the south-eastern 
side of Scounan, corresponding to the patch on the Eagle Rock. 
These outliers are, of course, the “ Upper” Quartzite of authors. 
Section across Ooniveall._—aAs the last section shows us how the 
Quartzite is brought under the Hebridean, the present one* explains 
the mode in which the Ben More Grit is thrown onto the Quartzite 


Fig. 6.—Section across Coniveall. (Scale 2 inches to 1 mile.) 


S.W. N.E. 
Brebag. The Balloch. Coniveall. 
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series. High up on Coniveall, as already described, the grit rests hori- 
zontally upon the gneiss, Following the former towards the west, 
the beds are observed to gradually rise in dip for some distance in 
that direction: this fact was independently observed by Mr. Bailey 
in 1881. Then they bend right over, and plunge down the precipice 
which overhangs the Balloch. I could not descend the cliff far ; but 
I was able to trace the beds down for some hundreds of feet with 
a glass. The upper part of the curve, however, was easily observed ; 
and the rock was hammered over (No. 94, p.417). Coming down to 
the Balloch, to the point vertically under, we find the whole thing 
reversed. Green and red grit, in broken masses, passes under gneiss 
dipping E.N.E. at 70°-80°. All the rocks are much disturbed and 
crushed; but the main facts are clear. This gneiss is a part of the same 
spur-like mass which wnderlies the grit above. The grit is thus seen 
to form a broken fold overthrown to the west, and enclosing a core of 
gneiss. On the west side of the pass the Assynt series,-as we have 
seen, dips towards the gneiss and grit. We can now more fully 
estimate the difficulties of Murchison’s statement that the limestone 
of the Balloch passes below the “ Upper Quartzite” of Ben More. 
This and the preceding section are mutually illustrative. The 
quartzite in both sections is identical, being continuous in sheets from 


* Compare this section with the description of the western scarp in my 
observations on the structure of the Assynt mountains. The western and 
south-western escarpments are on opposite sides of the fault. 
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end to end of the Brebag ridge. The gneiss of the two localities is 
also the same formation. The Scounan (Bealach Choinnich) section 
displays the fault, which in the Balloch (Coniveall) is only inferen- 
tial; and the Balloch section reveals more fully the structure of the 
overthrow. | 

Section wp Glen Coul (fig. 7, p. 391).—This important sec- 
tion, already noticed, must now be more fully described. Sailing 
up the sea-loch from Kylesku ferry, we pass a considerable thick- 
ness of grey Hebridean gneiss. At first the beds are nearly 
horizontal ; then they begin to dip at a low angle to the N.W., 
and maintain this inclination up to about the middle of the 
loch, where they are overlain by the Assynt series, dipping at 8° to 
E.S.E. About half a mile further, a fault, seen in the precipices on 
both sides, throws up the Assynt rocks, which had dipped down to 
the sea-level, in broken but generally horizontal masses. Towards 
the head of the loch the inclination suddenly rises, and curves right over 
to the vertical. The crush at this point is such as I have rarely seen 
equalled. Masses of quartzite, flags, and dolomite are thrown together 
in inextricable confusion. Some beds, even of quartzite, are a mere 
mass of breccia. The rocks are exposed, as in a model, on the shore 
and in the islands; but the clearness of the ground only the more 
distinctly reveals the disorder. This locality is indicated in the 
section ; but it would be impossible to represent the facts without 
mapping every yard of ground. Dolomite beds are thrown between 
flags and quartzite in such a way as to suggest true interbedding ; but 
that they are mere faulted wedges is seen by following them along 
the strike. In one place two bands in actual contact displayed 
clearly a discordant strike. In another, masses of the same kind of 
rock had been brought together at different angles and recemented. 
At the east end of this crush, where the Hebridean overlies, the rocks 
are less disturbed, the ordinary divisions of the Assynt series follow- 
ing each other in curved beds dipping on the average at 60°. The 
direction of dip varies between E.S.E. and S.8.E., owing to a bending- 
round of the strike. At the junction on the shore, dolomite, from 10 
to 15 feet thick, passes with apparent conformity below the Hebridean — 
(Logan Rock). The gneiss is chloritic, and so much decomposed and 
jointed that a clean fracture could not be procured. The curvature 
of strike is also seen in the gneiss, a fact which at first sight might 
suggest conformity. 

At the back of the house the dolomite is much thicker, occupying 
the breadth of asmall field. Thickening out to such a degree within 
a hundred yards or so is out of the question. So abrupt a change 
at once suggests unconformity. 

Ascending the precipices which overhang the north side of the loch, 
the most striking facts are disclosed. Right along the cliffs, for more 
than a mile to the west, at a height of about 100 yards, the old 
gneiss (No. 75, p. 415) rests upon the Assynt series. The younger 
rocks, as just described, lie at various angles ; but the gneiss dips 
steadily to the N.E. Taking the two groups as a whole, the strike 
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of the gneiss is parallel to the loch, while the underlying quartzite 
and dolomite strike across the loch. 

The discordance between the gneiss and the rocks which overlie is 
equally marked, as previously described. 

This remarkable ground throws new light upon the similar sections 
further south. - The valley having been cut across the strike of the 
Assynt series, we see the internal structure of the overthrow. The 
curvature, accompanied by excessive crushing, so clearly seen at the 
head of the loch, is just what we should expect to find if the beds 
were broken off, and then pushed laterally by the force which threw 
over the gneiss. The masses of “‘ Upper” Quartzite up the glen are 
simply undenuded fragments of the Assynt rocks remaining on the 
east side of the fault. 

The older and newer groups hold similar relations to each other 
for several miles to the north. On Loch Glen Dhu the Assynt rocks, 
smashed into fragments, are overlain by the gneiss striking at a dis- 
cordant angle. 

I have not examined the east end of the section on Loch More, 
described with such different interpretations by Murchison and by 
Nicol; but at the western end I found the Quartzite and Brown Flags 
succeeded by the granitoid gneiss of Craig Dhu, no signs of actual 
overlie being visible. Nicol’s north-westerly dip of the quartzite 
away from the “igneous rock” is, I fear, a mere matter of joint- 
ing. The region between this point and Loch Erriboll I have not 
studied. 

Ground between Coniveall and Glen Coul.—The dislocation which 
passes through the Balloch follows the western escarpment of Coni- 
veall, and is apparently continuous along the west of Ben Uarran 
with the Poulan-drein fault, unless, indeed, the throw dies out at the 
sharp curve near Glenbain. On this line the proof of lateral thrust 
is similar to that described further south, as seen in the overthrown 
folds of quartzite at the west end of Ben Uarran, in Cnoc-an-drein, 
and on the Burn of Calda, though, of course, the action of the force 
is much weaker. I believe the fault passes from Calda Burn along 
the west side of Glasven ; but the country is too obscured by débris 
to furnish other than inferential evidence. From Glasven the dislo- 
cation is continued by Loch na Gamyich to Loch Glen Coul. 

Section on Camaloch.—The Hebridean which appears here lies four 
miles to the west of Scounan, the nearest point of the main mass of 
‘Logan Rock.” The rocks are largely covered; but the following 
facts are fairly clear. The section is from west to east. On the 
stream which falls into Camaloch from Loch a’ Chroisg the Quartzite, 
resting on Torridon, dips at a low angle to the east, and after a short 
interval there is a slight exposure of Brown Flags in their usual 
place. Drift then hides the ground, and the next rock seen is 
quartzite of the seamy type, with bits of red felspar and associated 
“porphyry,” overlain by Hebridean gneiss. Following the strike 
down to the shore, the Quartzite is seen to be excessively shattered 
and contorted. There is in this section evidence of inversion, gneiss 
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and seamy quartzite being thrown over onto the Brown Flags, and, 
perhaps, the Dolomite masked by the drift. 

Following the inverted quartzite to the north, and circling round 
the north end of the hill to its eastern slope, we keep continually 
upon quartzite; so that it would seem as if the Hebridean were en- 
closed in an overthrown fold of the quartzite, just as it is wrapped 
in a fold of grit in Coniveall. The ground, however, is so obscure 
that, without the key furnished by our previous studies, it would be 
difficult to arrive at even a probable conclusion. 


D. The “ Upper Limestone” non-existent. 
(a) The Dolomite repeated. 


The dolomite of Glen Coul and Rhie Cnoe, being a part of the 
eastern outliers of the Assynt series, are, of course, merely the 
ordinary dcelomite repeated. 


(b) A part of the Caledonian Group. 


The crystalline limestones of Loch Ailsh were considered by Mur- 
chison and his followers an upper limestone of the Quartzite series ; 
but by Nicol they were regarded as the Assynt series metamorphosed 
by contact with igneous masses. After devoting nearly a week to 
the study of the ground, I arrived at the conclusion that these rocks 
were a part of the Hastern Gneiss, and therefore of Archzan age. 

Prof. Heddle holds that these limestones are divisible into two 
zones, separated by a band of “hornstone porphyry,” which runs 
along the western base of Cnoc Chaorinie (Chaoruinn). The lower, 
which he considers a true marble, “apparently sweeps round to 
the south of the hill Scounan.” The upper, which he describes as 
“not perfect in its metamorphism, and approaching in character 
to a granular limestone,” is continued on the strike to the north, 
and, according to Murchison, ‘“‘sweeps round to the east and north 
of the mountain of Ben More, and extends up the valley of the 
Cassley to the side of the Stack of Glen Coul.” I will first discuss 
the last statement. 

The limestone which is seen at the side of the high road east of 
Loch Borrolan, near the turning to Ben More Lodge, can be traced 
along the western face of Cnoc Chaorinie, up the eastern side of 
Loch Ailsh, and on by Ben More Lodge to about a mile north of 
Kinloch, a distance of nearly four miles. It tapers towards the 
northern end, and disappears beneath an extensive deposit of boulder- 
clay covered by bog. A little beyond, the “porphyry,” which has 
been flanking the limestone on the west, comes up to the Caledonian, 
so as to cut out the limestone. I traversed the ground for miles to 
the north, and found nothing but drift and bog between the eastern 
gneiss and the quartzite of the Ben More massif. These facts, there- 
fore, do not confirm Murchison’s view. The “limestone” near 
Glen Coul, apparently the dolomite at Rhie Cnoc, is separated from 
the Loch Ailsh series by several miles of covered ground; so that no 
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connexion between the limestones of the two localities can be 
proved. 

It is first of all necessary to examine the chemical characters of 
these rocks. There are two well-marked varieties—a cream-coloured 
dolomite affected but slightly by hydrochloric acid, and a white or 
grey marble effervescing freely under the test. The crystallization 
of the marble is usually coarser than that of the dolomite. The 
former type predominates in Dr. Heddle’s lower series, and the dolo- 
mite in the upper. It is, however, important to notice that neither 
variety is confined to either subdivision. Dolomite of precisely the 
same type as that which prevails in the upper zone is interstratified 
with the marbles of the lower; and near Kinloch Ailsh I found 
abundance of the grey variety amidst the beds of dolomite. I have 
also detected the crystalline dolomite further west in association with 
the well-known marbles of Ledbeg. I do not, therefore, see any 
reason for separating the Loch Ailsh limestones into two distinct 
groups, though it is convenient to record that dolomite prevails in 
the upper part and marble in the lower. 

I concede, contrary to the view of Nicol, that this limestone, at its 
upper margin, is clearly intercalated with the Eastern Gneiss. 

That this limestone is a member of the Assynt series appears to be 
at once disproved by its chemical composition. The Assynt rock is 
a dolomite, and everywhere a dolomite. If it be suggested that 
metamorphism may have caused dedolomitization, I reply that marble 
is in several localities clearly interbedded with dolomite, and that it 
is incredible that the metamorphosing agent should have altered a 
stratum and left the beds above and below it unaffected. I have 
also a right to ask for proof that intrusive igneous rocks, the assumed 
cause of the change, are capable of converting dolomite into calcic 
carbonate. 

The lithology of the Loch Ailsh series is in other respects dis- 
similar to that of the dolomite. In the latter, throughout its whole 
length from Loch Broom to the North Sea, I have never found a 
single quartzose bed; but the former contains towards the top a 
strong band of quartzite (No. 101, p. 418), which may be traced from 
the high road to near Ben More Lodge, where it is associated with 
calcareous schist (No. 105, p. 419), quite unlike any rock in the 
Assynt group. ‘This quartzite, as will be seen from Prof. Bonney’s 
note, is more highly altered than the ordinary quartzite of the 
younger series (No. 100, p. 418). 

I have not been able to find in the Ledbeg marble, the presumed 
equivalent of the Loch Ailsh limestone, any support of the view I am 
controverting. I have studied numerous sections of this rock between 
Loch Ailsh and the hill-slopes west of Ledbeg, a distance of five miles. 
Everywhere it appears to lie in isolated fragments. North-east of 
Luban-Cromah its bedding is nearly vertical, striking to the north- 
west, parallel to the Hebridean ridge of Scounan. About a mile 
above Loyne, on the south bank of the Ledbeg river, marble, grey 
and yellow, in nearly horizontal beds, comes within a yard of un- 
altered dolomite of the Assynt series, dipping west ; but the marble is 
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brecciated, and a fault evidently intervenes. A little further west 
marble appears not far from quartzite, and again near the high road ; 
but in neither case are the rocks in contact. Near the farm of Loyne, 
on the north side of the river, marble dipping north-east is overlain 
by igneous rock ; and 100 yards to the west is dolomite with a low 
easterly dip. Round Ledbeg, marble, quartzite, and dolomite occur in 
several patches; but, so far as I have seen, there is always a break 
between the marble and the other rocks. On the slopes to the west the 
marble displays Kozoonic structure (No. 106, p. 419), first observed — 
by Prof. Heddle. Quartzite is close at hand; but here again there is no 
visible connexion. The marble of Ledbeg is usually a nearly pure 
calcium carbonate. 

Now, if the marble is simply the dolomite altered (for any cal- 
careous rock of the Assynt series except dolomite is out of the 
question), it is very remarkable that the two rocks should be often 
seen in proximity, and yet that there should be no evidence of a 
passage between them. Great masses of igneous rock, culminating 
in Cnoc-na-Strone, lie close at hand; and smaller intrusions are here 
and there visible in contact with the marble ; but patches of dolomite 
within a few yards remain unaltered. Such facts are to me incon- 
ceivable on the supposition that the marble and the dolomite are of 
the same age. © 

We must next consider the relations between the Loch Ailsh 
limestones and the rocks which bound their western margin. If the 
limestones belong to the Assynt series, an unbroken succession must 
be proved between them and the beds below. 

Working toward the south-east from Altnagalagach, we come, at 
about 24 miles from the inn, to quartzite dipping at a low angle to 
E.S.E. Fifty yards further on is dark-green gneiss with the same dip, 
overlain in conformable succession by siliceous flaggy beds, quartzite, 
dolomitic limestone of the Loch Ailsh type, and quartzite. This 
section is on the strike of the Loch Ailsh limestone, and it displays 
thin-bedded gneiss below dolomite, confirming the view that the 
limestone is 7m the Eastern Gneiss. 

We next run a section parallel to the last at about half a mile to 
the north-east. Starting from Loch a’ Mheallian, we leave behind us 
the great igneous mass to the north of Loch Borrolan ; and ‘descending 
the slope to the south-east, we reach a small exposure of granitoid 
Hebridean gneiss (No. 79, p. 416), without distinct foliation. Then 
we come abruptly upon the marble and dolomite, which are continued 
with a steady south-easterly dip as far as the road to Loch Ailsh, and 
just beyond, in the slopes of Cnoc Chaorinie, are interstratified with 
Caledonian. 

On the west bank of the Oykel, south of Kinloch Ailsh, the 
Quartzite’ of the Assynt series, which slopes down from Scounan, is 
seen with its normal south-easterly dip; and on the opposite bank 
there are a few feet of the Brown Flags (Nos. 103, 104, p. 418) over- 
lain by quartzite. The Loch Ailsh limestone appears in force a short 
distance to the south-east. Further north, the igneous rock soon 
cuts out the quartzite, and then the limestone itself. 
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The section just described appears at first sight to be the normal 
Assynt succession, with the limestone metamorphosed. It is the 
most serious difficulty I have encountered; but I have represented 
the facts without extenuation. I may observe that the occurrence 
of the flags in their regular position is strongly confirmatory of my 
views on the ‘‘ Upper ” Quartzite ; but that isa minor point. Ifthe 
succession here is unbroken, I must admit that the Eastern Gneiss is 
newer than the Assynt Series. But there is the strongest reason for 
placing a fault between the flags and the limestone. For, as we have 
seen, if we follow the limestone to the 8.W., we find it in one place 
immediately underlain by Hebridean, and in another underlain by 
and intercalated with the Caledonian. Unless, then, we admit that 
the quartzite and flags pass into Hebridean, and then into the thin- 
bedded gneiss, we must concede the existence of a fault. 

To summarize the facts described, we have the following reasons 
for separating the Lech Ailsh limestone from the dolomite of the 
Assynt series :— 


(1) The former is metamorphosed; the latter is not. 

(2) The former is largely composed of calcium carbonate; the latter 
is everywhere a dolomite. 

(3) There aré nowhere any signs of a passage between the two. 

(4) The former is intercalated with quartzite, and sometimes with 
eneiss ; the latter is dolomite from top to bottom. 

(5) There is strong evidence of a fault between the former and 
the lower members of the Assynt series. 


E. The Caledonian brought over the Assynt Series by a Reversed 
Fault. 


Our previous discussions having cleared up some preliminary 
difficulties, we are now prepared to investigate the main question, 
Does the Eastern Gneiss conformably succeed the Assynt Series ? 

The Knockan Section.—By Sir R. I. Murchison and Dr. Geikie the 
newer gneiss of this locality is said to conformably overlie the 
‘Dolomite ; but Nicol places a fault between the two. The rocks 
are clearly exposed in the escarpment overhanging the high road ; 
and some of the phenomena appear to support the Murehisonian 
view. Doubt, however, is thrown upon this interpretation by the 
fact that, a short distance east of the section of Murehison and 
Geikie, the strike of the Dolomite suddenly twists round through 
a right angle, while the strike of the gneiss remains unaltered. 
This seems to be inexplicable, except on the hypothesis that 
the Dolomite had undergone considerable dislocation before the 
eneiss was brought over it. 

But a more serious difficulty remains. Within about a mile of 
where the newer gneiss rests upon the Dolomite, lies the Camaloch 
mass of Hebridean. ‘This massive gneiss occupies a considerable 
breadth of country, and can hardly be less than several hundred 
feet thick. As its place is, ex hypothesi, between the Dolomite 
and the Caledonian, it follows that this great mass of rock, together 
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with its associated ‘ Upper ” Quartzite, has thinned out in a little ~ 
over a mile! 

After the preceding evidence of the overthrow of the Hebridean 
from end to end of Assynt, I think I am justified in contending that 
the mere superposition of one rock upon another is insufficient proof 
of true conformity. At Knockan we have simply an overlie of the 
gneiss along the strike; and we have no opportunity of examining 
the relations of the rock on the dip For this purpose we want a 
valley or ravine cutting so deeply into the strata along the dip as to 
expose the true anatomy of the district. Such an exposure is fur- 
nished us by the next sections. 

Sections on the North and South Sides of Glen Coul (fig. 7).— 
The region lying north of Loch Ailsh is so thickly covered that no 
junctions are visible for several miles. In Glen Coul, however, the 
conditions are very favourable for our purpose. The valley is cut 
down so deeply as to expose the relations between the Hebridean, 
the Assynt series, and the Caledonian, almost as in a diagram. 

At first sight, indeed, the phenomena appear to favour the 
old view almost as strongly as the Knockan section. The 
Stack of Glen Coul is formed of the newer gneiss; and at its 
western foot quartzite seems to pass conformably below it, the 
two rocks being almost in contact. The ridge on the opposite 
(north) side of the glen exhibits similar appearances. Here also 
the newer gneiss forms a prominent peak; and in like manner 
at its western base, the quartzite, followed however by flags and 
dolomite, appears to dip below the gneiss. Following the junc- 
tion for about a mile to the north, I found the same relations, except 
that the flags and dolomite were wanting. 

Investigating the ground more closely, I ascertained new and — 
very striking facts. As we ascend the southern ridge, which leads 
from the sea-loch up to the Stack, we pass over three exposures of 
quartzite with Hebridean between. It might at first seem that the 
quartzite was interstratified with the gneiss; but this is certainly 
not the case; for, on examining the slopes below, we find the quartzite 
beds are not continued on the dip. Of some weight also is the fact 
that both the lowermost and the uppermost of the three masses have 
the ordinary seamy quartzite at the base. I therefore regard these 
as faulted outliers of the quartzite on the loch to the west. 

The quartzite outlier in contact with the Caledonian is of course 
the most important. Detailed study proved that the appearance of 
conformity was only superficial; for, while the Caledonian dips at 
15°, the angle of the quartzite is35°. The latter is of the annelidian 
variety ; but the tabes are distorted. The rock is intensely squeezed, 
so that a coarse cleavage is produced, the particles of quartz are flat- 
tened, and there is a mineral change, the aspect being distinctly that 
of a partially metamorphosed rock (No. 98, p.417). Following the 
strata down the slope to the N.E., we find that, instead of passing 
up into gneiss, the quartzite rises in dip, and is overlain by the 
Scamy Quartzite (No. 97,p.418), which becomes almost vertical, the 
beds, however, curving over to the west. This quartzite has the 
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red felspar bits of -the lowest zone. The 
pressure to which the rock has been sub- 
jected has flattened the quartz grains ; and 
the cleavage and alteration are similar to 
those of the Annelidian Quartzite above. 
These beds actually le to the east of the 
junction, so that on the strike they pass 
under the almost horizontal gneiss. East 
of this point the Hebridean rises up and 
meets the newer gneiss. It is therefore 
evident that this mass of quartzite is a 
syncline sharply folded back upon itself, 
and closely squeezed in the angle between 
the older and younger gneiss. 

The curved beds of quartzite on the slope 
present a curious phenomenon. ‘The joints 
are almost at right angles with the bed- 
ding, and are open much wider than the 
planes between the beds; so that at a dis- 
tance the quartzite appears nearly hori- 
zontal, and the seeming beds are contorted. 
This twofold disturbance, the folding-back 
of the true beds and the contortion of the 
slabs between the joints, points to excessive 
lateral pressure acting from the east. 

I have said that the Hebridean rises 
towards the east, so as to meet the Cale- 
donian. This is more clearly seen by de- 
scending to the level of the stream. A little 
below the reversed fold just described, 
and a few feet above the stream, is a 
band of conglomerate about 4 inches thick. 
The pebbles, which are of quartz in a ma- 
trix of small bits of quartz and felspar, 
are flattened as if by pressure. This seam 
is undistinguishable from a thin band 
which forms the base of the quartzite on 
Loch Erriboll. It dips to the N.W. at 20°, 
and it rests immediately upon grey Heori- 
dean gneiss, to the surface of which it is 
plastered. The gneiss has its normal strike 
to the N.W. The dip of this conglomerate 
shows us that the surface of the gneiss 
slopes up towards the east, and it confirms 
the previous evidence as to the reversed 
dip of the quartzite. Following up the 
junction, we soon lose the conglomerate un- 
der bog; but the Hebridean can be traced 
up the slope at about the same angle, gra- 
dually rising to the east of the quartzite to 
meet the overhanging Caledonian. 
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We now come to the section on the north side of the valley. Leaving 
the shepherd’s house on the shore of the loch, and ascending the 
glen, we pass over Hebridean with N.N.W. strike, which is con- 
tinued, with few exceptions, up to the Quartzite. A few feet below 
the Quartzite the gneiss becomes rotten, and changes to the dip of 
the former. The Quartzite has at its base a band of red felspathic 
grit, and encloses red felspar bits. It dips steadily up the glen for 
some distance ; then, when it becomes overhung by the Caledonian, 
it is squeezed up into a series of small folds thrown over to the 
N.W. The most easterly of these are on the strike of the overthrown 
fold on the opposite side. A little further east, the Caledonian comes 
down to the stream, the bed of which is occupied by the Hebridean. 
The ground just here is masked by talus of newer gneiss, so that 
no junction can be seen ; but the lowest visible Caledonian is within 
5 feet vertically above the Hebridean ; and continuing with the eye 
the strike of the Caledonian across the glen, it seems as if it must 
actually touch the Hebridean. This is confirmed by taking the 
heights with the aneroid. The Caledonian on the northern slope de- 
scends to at least 925 ft., while the Hebridean just over the stream 
rises to 950 ft., which, allowing for the slight slope of the Caledonian 
beds from south to north, would about correspond. Beyond this 
point the Caledonian still descends on the dip to the east; so that 
the actual contact of the older and younger gneisses cannot admit of 
doubt. Now, as the Assynt series in this locality is at least 200 ft. 
thick, it obviously cannot pass to the east. 

I infer from the facts described, that by a reversed fault the 
Quartzite has been broken off and crumpled up in the angle between 
the overhauging Caledonian and the underlying Hebridean. ‘There | 
will be little a priori difficulty in accepting this conclusion after 
studying the enormous overthrows of the old gneiss within two miles 
to the west. There can be no doubt that the overthrow of the Hebri- 
dean and the reversed faulting at the junction with the Eastern 
Gneiss are due to the same general cause. 

As the dips of the Caledonian are to E.N.E. and E. at 15°, while 
the Hebridean dips at a high angle toN., N.N.E., and sometimes N.E., 
the unconformity between the two gneissic groups is well marked. 


F. Structure of Assynt. 


The preceding sections have anticipated much of what comes 
under this head; but it will not be uninstructive to bring together 
into a connected whole the facts which throw new light upon the 
mountain-structure of this remarkable district. 

The lofty mountains have always been justly regarded as amongst 
the most interesting features in the scenery of Assynt. From a 
distance they appear like peaks of snow; and even on closer ex- 
amination many of them seem to be composed of quartzite from base 
to summit. Hence writers have supposed them to be solid masses 
of that rock, and formations of quartzite thousands of feet thick 
have been described. This appearance is quite illusory. The 
quartzite is merely a sheet, about 300 feet thick, wrapping round 
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cores of Hebridean gneiss, but no more constituting the mountain 
it encloses than if it were a permanent mantle of snow or ice. 

The western mountains, consisting of Torridon sandstone capped 
by the quartzite, have already been described by authors. My 
observations refer chiefly to the Ben More mass and the ranges 
which radiate from it. 

Scounan More.—Usually regarded as ‘‘ igneous,” but by Dr. 
Heddle as “ Logan Rock.” It is a mass of nearly vertical Hebri- 
dean. On the south-eastern slope a film of quartzite dips down 
towards Loch Ailsh. 

Brebag (2670 ft.) (fig. 5, p. 380).—This linear mass, striking N. 
and 8., continues the Scounan ridge onto Ben More. It is entirely 
swathed in quartzite, which is compressed into a sharp anticline 
along the summit, with gentler curves on each side. On the western 
slope the folds are closer than on the east, and are overthrown. ‘This 
quartzite thus resembles a wave blown along by an easterly wind, 
the slope on the east side being gentle, while on the west the 
crest falls over. This structure is another proof of the action of 
the lateral force from the east which produced the striking effects 
already described. - 

Ben More (32738 ft.).—We have seen that the old gneiss rises to 
2500 feet in this mass, the capping being of the quartzite with the 
Ben More grit and conglomerate at its base. The great spur 
which projects to the south nearly halfway to Loch Ailsh is nearly 
all gneiss, a thin sheet of quartzite resting only on the highest parts, 
as described on Hagle Rock, which terminates the masszf on the south. 
The precipitous western escarpment of Coniveall is also covered in 
by quartzite—not, however, in sheets plunging down to the west, 
but in beds dipping gently into the mountain. Ascending from 
this side, there is therefore the appearance of a great thickness 
of quartzite. That these strata are broken off is certain; for we 
know that the gneiss passes through the middle of the mass to 
within 500 or 600 feet of the summit. Nothing but a knowledge 
of the minute differences visible within the quartzite series would 
here help us to a solution. 

The following facts were seen in ascending the Traligill to the 
col between Ben More and Ben Uarran. At the foot of the cascade 
(925 ft.) is a considerable thickness of the Brown Flags, succeeded 
by quartzite, and at 1100 ft. by dolomite. There is no great thick- 
ness of this; and at 1175 ft. quartzite of the annelidian type comes 
in. Towards 1475 ft. the quartzite rises gradually to the vertical, 
and is thrown over, the seamy bands being uppermost; and rock of 
this variety occupies the scarp up to the pass (2025 ft.). Intrusions 
of igneous rock have been frequent from near the base of the section 
to this point, some of the masses being of considerable thickness. In 
some places the igneous rock is interbedded. The dip of the quartzite 
has been easterly at a low angle. With the key already furnished 
to us, the explanation of these facts is not difficult. I am satisfied 
that the Balloch fault passes round the face of Coniveall, and that 
in the section just described the quartzite is thrown down against 
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the steep western face of the faulted Hebridean, and is repeated 
more than once by step faults. Just below the col on the eastern 
side of the ridge the gneiss is exposed, proving to demonstration 
that the quartzite beds are not continued to the east, 

At the col is a plateau paved with the Annelidian Quartzite dipping 
gently down from the peak of Coniveall, 2. ¢. to the N.W. Rising 
on the east side of this plateau is a cliff 200 ft. high, composed of a 
repetition of the Seamy Quartzite, with interbedded igneous rock. 
This band appears to be continuous with beds which roll down 
from Coniveall ; but the slopes up to the peak are too thickly masked 
by quartzite fragments to permit the examination of rock in place. 

While aseendine Coniveall from this pass, we have to our left 
the sharp ridge which connects this peak with Ben More proper, 
and we can clearly see the capping beds of quartzite, lying horizon- 
tally, or dipping gently in an easterly direction. The summit of 
Coniveall is composed of the Seamy Quartzite, with low north-easterly 
dip ; but on the south-east side the dip is south-easterly. The quart- 
zite is thus seen to dip with the slopes of the mountain on the three 
accessible sides; the fourth, the south-western, a lofty precipice, is 
the upthrow side of the Balloch fault. 

Ben Uarran (2644 ft.).—This ridge is a spur ie Ben More, pro- 
jecting towards the north-west. According to Dr. Heddle, it is 
formed of an anticlinal fold. I have observed that the plateau along 
the summit consists of the Quartzite, in part, at least, Annelidian, 
and that this rock plunges down on the 8.W. side; but I have not 
examined the N.E. slope. I have, however, no doubt of the accu- 
racy of Dr. Heddle’s description, since it corresponds with the 
normal structure of the Assynt mountains. The old gneiss reap- 
pears at the N.W. end. 

Cnoc-an-drein.—This hill is really a part of the Glasven ridge, 
separated from the main mass by the narrow col occupied by the 
Burn of Calda, and running out to the 8.E. to meet Ben Uarran. 
The quartzite in which it is enveloped rolls off in sheets to the 
S.W., 8.E., and N.E.; but to the N.W. the outcrops of its beds form 
a semicircular escarpment facing Glasven. At Calda Burn the Hebri- 
dean emerges, rising up into Glasven; and the quartzite is seen to 
wrap round the old gneiss, just like a shoe enclosing the foot, with 
the instep showing above. 

Glasven.—From the Burn of Calda nearly to the summit, the ridge 
is all Hebridean, the final elevation only being capped by the quartzite. 
The spur to the N.W., which I did not examine along the top, is 
shown in Dr. Heddle’s map as an anticlinal saddle; but the old 
gneiss reappears at the end, where the ridge falls down on Loch na 
Gamvich. 

Ben Uie (Uidhe) (2384 ft. TY ridge, which runs parallel to 
Glasven on the east, I did not visit. On Dr. Heddle’s map it is re- 
presented as ‘ Logan Rock” on the east side, with quartzite capping 
the summit and dipping down to the north- west. Messrs. Eccles, 
Miall, and Tiddeman, who examined the western slope, informed me 
that the quartzite ocourred in at least one overthrown fold. This 
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fact corresponds with what I have described as the usual position 
of the quartzite on the western slopes of the Assynt ranges. 

Ben-na-creisag and Ben-an-Uarran*.—These are the two reddish- 
looking hills which overhang the road south of Inchnadamff on the east 
side, between the igneous mass of Cnoc-na-Strone and the Stronch- ° 
rubie cliffs. On Prof. Heddle’s map they are coloured as ‘‘ quart- 
zite,” but with a query. I have examined both from end to end, 
and believe them to be blocks of Torridon Sandstone thrust up 
between faults through the overlying members of the Assynt series. 
At the south end of Ben-an-Uarran, the rock closely resembles the red 
grit of Ben More; but further to the north it passes into red sand- 
stone of ordinary Torridon type. Ben-na-Creisag is of similar rock, 
conglomerate as well as sandstone being present. The dips were 
usually not very clear, but in Ben-na-Creisag they seemed to be 
to the N.W. Descending to the west from the summit of Ben-an- 
Uarran, we first come to quartzite of the seamy variety, with red 
felspar bits, dipping into the hill; and beyond a little hollow 
is white dolomite, which is first vertical and contorted; then it 
dips into the ridge; lower down it dips away from it, and finally, 
near the road, into the hill again. These facts point to inversion of 
quartzite upon dolomite, an effect which would naturally be produced 
by the upthrust of the Torridon, with lateral push from the east, just 
as similar results have followed from like causes in the mountains fur- 
ther east. Dolomite dips away from this hill at the north end. The 
Torridon mass of Ben-na-Creisag appears to beentirely surrounded by 
dolomite, which in some places dips towards it, and in others away 
from it, the junction being frequently marked by a line of débris. 

The Stronchrubie Basin——This mass of dolomite approaches in 
shape an equilateral triangle, the sides respectively facing to W., 
N.E., and8S. H. The western edge crops out in the well-known escarp- 
ment which overhangs the road south of Inchnadamff, the strata 
dipping easterly. Along the north-eastern margin the quartzite 
of Ben Uarran passes below the dolomite, the dip being to the 8.W. 
To the 8.E. the quartzite of Northern Brebag dips conformably 
below the dolomite above Loch Maolack Corry, the inclination being 
to the N.W. ‘The dolomite therefore forms a true basin, the strata 
dipping inwards from the three sides. 

From the facts adduced it will be seen that Prof. Nicol’s descrip- 
tion of Assynt is in its main points confirmed. He interprets the 
structure of Ben More as ‘“‘a nucleus of granitic gneiss and mica 
slate, with intrusive igneous rocks, throwing off the quartzite all 
around, as from a great centre of elevation ;” and this, omitting the 
“ioneous rock,” which seems to have been his interpretation of 
the overthrown Hebridean, is substantially accurate; and he 
truly affirms that “the limestone is everywhere troughed by the 
quartzite.” 


* This name must not be confounded with “‘ Ben Uarran.” 
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The evidence for the overthrow or overthrust of the Eastern 
Gneiss upon the Assynt series is even clearer here than in the 
southern localities. The proof is indeed so distinct that nothing 
but the hastiness of most previous workers can, I think, account for 
their failure to perceive the true interpretation. Prof. Nicol, who 
probably gave more time to the district than any of my predecessors, 
saw more clearly into the structure of the region than his contem- 
poraries; and I am glad to be in a position, however humbly, to 
vindicate his reputation. From a prolonged study of the district in 
the summers of 1881 and 1882, I am able to supply much additional 
evidence, and to correct some errors of interpretation into which he 
fell. The chief of these misapprehensions has reference to the rock 
which he called ‘“‘ granulite;” and it will be well to clear up this 
point before attacking the main question. 


A. The “ Granulite” of Nicol a lower division of the Caledonian. 


Cunningham held that in Ben Arnaboll (Poll Ath-roinn), the 
‘‘ Upper” Quartzite was conformably overlain by “‘gneiss;” and 
Murchison confirms this view, except that he describes the upper 
rock as ‘*‘chloritic, taleose, and micaceous schists.” I hold, with 
Cunningham, that the rock is a true gneiss ; indeed I have rarely 
seen a more typical gneiss; but its exact lithological composition 
has no material bearing on our inquiry. I concede to these authors 
that the gneiss does overlie the quartzite, though I will not say 
“ conformably.” Nicol also saw this overlie; but he evaded the 
difficulty by affirming that the whole of the upper series was an 
intrusive rock which he called “‘ granulite.” 

This “ granulite ” not only forms the higher part of Ben Arnaboll, 
but it is exposed to the breadth of over half a mile in the valley to 
the south, up which the path to Arnaboll runs. For convenience we 
will call this the Arnaboll valley. Nicol says that in this section the 
“‘ sranulite ” ‘‘ throws off the strata on each side, and involves large 
fragments of the mica slate, with the lamine turned in various 
directions.” From this reading I decidedly differ. The valley 
shows a very clear section of bedded rock, the series ascending from 
W.toH. At the west end, apparently overlying the “Upper” Quart- 
zite, 1s a grey and pinkish granitoid gneiss, passing up into a con- 
siderable thickness of rather massive gneiss, striped with folia of 
hornblende and dark mica (Nos. 64, 77,78, pp. 415, 416). Towards 
the east this rock grows lighter in colour, and the bedding becomes 
thinner, till, about the water-parting between Lochs Erriboll and 
Hope, it passes up into the ordinary flagey type. 

The Arnaboll gneiss bears some resemblance to Hebridean: indeed 
Prof. Bonney, judging from hand-specimens only, refers it to that 
formation. But field-work does not confirm this opinion. The 
conformity of the Arnaboll rocks to the Hope series is seen in strike, 
in dip, in the unbroken sequence, as observed on many lines of 
section, and in the gradual transition in mineral and lithological 
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characters. Besides this, though a few typical specimens may 
resemble some varieties of the old gneiss, there is no great difficulty 
in differentiating the two gneisses when we compare them in the 
mass. In the newer group mica is incomparably more abundant ; 
there is a larger proportion of a pinkish-grey, rather fine-grained, 
granitoid gneiss, quite different from any I have seen in the Hebri- 
dean ; and there is that undefinable assemblage of minute characters 
which we may call the “ habit” of a group. 

Further light is thrown upon this question by the gneiss at Sango 
Bay, Durness, described in my former paper. The resemblance of 
this rock to the Arnaboll group struck me in 1880. The Durness 
gneiss has undergone considerable alteration, chloritic minerals 
bame developed ; but the general characters of the two rocks are 
similar. In Durness the Hebridean steadily preserves its typical 
north-westerly strike, the beds being nearly or quite vertical ; while 
the Sango Bay gneiss dips at low angles conformably, though not 
in actual contact, with the flaggy gneiss of Far-out Head. If then, 
as 1s probable, the Sango Bay gneiss is the equivalent of the Arnaboll 
rock, we are furnished with an additional proof of discordance 
between the Hebridean and the Arnaboll group. 

But the undoubted Arnaboll gneiss, in its north-easterly extension, 
is only separated from the Hebridean of Bevo Keannabin by the 
breadth of Loch Erriboll, within 2 miles; yet the strike of the newer 
series is as steadily to the N.N.E. as that of the old gneiss is to the 
NV. 

The Arnaboll gneiss is literally “riddled” by a binary granite of 
quartz and felspar, which is sometimes more prominent than the 
gneiss ; and this has apparently led Nicol to the conclusion that it 
was the prevailing rock, which had “ caught up fragments of the 
mica slate.” Further particulars of this series will appear in the 
sequel. 


B. The Assynt Series folded back wpon itself. 


Structure of Druim-an-tenigh.—This quartzite ridge overhangs the 
road from above Heilem Inn to the west end of Arnaboll valley, a 
distance of about two thirds of a mile. It strikes due N. and 8. 
It is the first ground which should be S| by any one wishing 
to read the riddle of the district. 

I ascended the ridge from the east ae. just at the north end. 
Here I found quartzite of the seamy type, with a grit band i0 feet 
above the base, just asin Assynt. The beds were horizontal or with a 
slight dip to the K. Following the strata across the ridge, they are 
seen to bend abruptly over, and plunge down at a high angle to the 
W. We now turn south, and, keeping along the strike of these 
strata, we find the dips grow steeper and steeper till the vertical is 
reached. Then the beds begin to overhang, the overthrow increasing 
till, at the southern end, just at the opening of the Arnaboll valley, 
they dip easterly, apparently passing below the Arnaboll gneiss at 
moderate angles, from 50° to 60°. The quartzite has still the seamy 
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aud gritty characters always to be observed at the base. Some of 
it is brecciated by crushing. 

Turning to the west, we descend the slope to the Loch. The dip 
of the quartzite becomes less and less steep, till, in the shore, it is 
about 15°, and is of the Annelidian type. This dip is continued to 
the north along the beach to nearly opposite Heilem ferry. Here the 
Dolomite occurs at a short distance to the west, but no junction is 
visible. . 

Without leaving the bare rock, we have thus traced the quartzite 
from the horizontal right over to almost the horizontal in inverted 
position. No clearer evidence of overthrow can be desired. Yet 
this is the ‘“‘ Upper” Quartzite of all authors except Nicol! 

Ground between Druim-an-tenigh and the sections on Camas-an- 
Duin.—The overthrown quartzite at the south end of Druim-an- 
tenigh can be traced continuously across the opening of the Arnaboll 
valley to the remarkable sections next to be described. The rock (An- 
nelidian) is very well seen overhanging the road, dipping E.S.E. at 
50°. As these outcrops are so conspicuous, and the beds appear so 
clearly to pass under the gneiss close at hand to the east, a hasty 
inspection would naturally lead to the Murchisonian conclusion. 
Nicol, however, held that the beds were reversed, grounding his 
opinion on the fact that ‘‘ the openings of the Annelid-tubes and the 
ripple-marks, which are regularly found on the upper surfaces of 
the beds, are here on the lower faces.” But as the marks on the lower 
surface of a bed are a facsimile of those on the upper surface of the 
bed in contact, it is not surprising that this evidence has not been 
held to be convincing. JI have studied the rock with this test in 
view; but I could never find it to be of any service, the upper face 
of a bed presenting the marks sometimes in relief, sometimes in 
depressions, 

Sections (three) on Camas-an-Duin (fig. 8).-—These sections 
are even more satisfactory than that described at Druim-an-tenigh, 
since they display the Assynt series complete in all its mem- 
bers *, and the overthrown eastern limb of the fold is brought into 
direct relation with the undisturbed western side. 

The southern margin of the Bay of Camas-an-Duin runs E. and 
W.; and the rocks are clearly exposed along the whole distance (1) 
at the shore-level, (2) along the road, (3) along the ridge to 
the south. 

Commencing the shore-section at the little bay east of the Pictish 
Tower, we first identify the Annelidian Quartzite, and, by climbing 
up to the road, connect it with the overthrown quartzite just de- 
scribed. The dip, which at the road is 50°, rises towards the shore ; 
and at about high-water mark it has become vertical. Then the 
beds begin to dip to W.N.W., the angle falling gradually to 60°. 
Here the strike curves round, so that the dip changes to W. and 
W.S.W., the strike corresponding with the last dip being maintained 
through the section. The dips now fall to 30°-20°. At the little 


* Except, of course, the Torridon, which does not occur east of Durness. 
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bay the rock is covered by sand 
for 120 yards, the only gap in 
the entire section; and this is 
really filled in a little higher 
up at the road-level. This sand 
must mask a slight fault and a 
syncline; for on its western 
margin we come to higher beds 
with an opposite dip. The first 
of these is the base of the Do- 
lomite, dipping easterly at 25°. 
This rock is underlain at the 
Pictish Tower by the Salterella- 
grit, with fossils, followed in 
regular order by the Brown 
Flags and Annelidian Quart- 
zite, the basset edges of the 
strata cropping out regularly 
from E. to W. Then the Quart- 
zite becomes horizontal, and 
further on dips south-westerly, 
and is overlain in normal se- 
quence by the Brown Flags 
(50-60 ft.), Salterella-grit (15 
ft.), and Dolomite. The last- 
named is in full force, dipping 
steadily to the 8.W., its lower 
(dark) and upper (white) mem- 
bers being as completely ex- 
posed as at Inchnadamff. West 
of the Pictish Tower, the Assynt 
series 1s thus seen to he ina 
broad low arch, and there can 
be no question that the beds 
are uninverted. 

Coming back to the east end 
of this section, we observe a fact 
which, for the sake of simplicity, 
I omitted in my first description. 
Resting on the Dolomite at 
the little bay is quartzite wn- 
derlain by flags, dipping in the 
same direction as the Dolo- 
mite, but at a higher angle 
(50°-60°), so that the edges of 
the upper beds abut obliquely 
onto the bed-surfaces of the 
Dolomite. We ascertain by 
further study that these over- 
lying rocks belong to the over- 
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thrown side of the syncline ; so that they have been broken off and 
pushed to the west onto the Dolomite. The whole of the uninverted 
dolomite is obviously crushed out, except the few feet west of the 
little bay. 

The road-section, at a level which rises from 60 ft. on the east to 
140 ft. on the west, confirms and illustrates the last. The overthrown 
Annelidian Quartzite at the east end is contorted for a few feet, and 
is then succeeded by Brown Flags and Salterella-grit in nearly 
vertical beds. These are the strata which abut downwards onto 
the Dolomite. We then pass an interval of 130 paces occupied by 
débris, obviously masking the centre of the crush. Then we reach 
the anticline. Being at a higher level, we are chiefly in the 
Salterella-grit and Dolomite ; but at the west end we come onto the 
Flags, where they begin to bend to the south-west. The arch is more 
complicated than at the shore, the beds being puckered into twe or 
three subsidiary curves. This is what we should expect from the 
closer proximity of the strata to the centre of the fold. The facts 
seen at the east end of this and the last section indicate that the 
folding-back is complicated by a reversed fault. 

It will be convenient to take the ridge-section from W. to H. 
The ground rises from 140 ft. to about 600 ft. Leaving the road, 
we pass over dolomite dipping easterly, forming the eastern side of 
the arch and, of course, the western side of the fold. Higher up 
the dip rises, reaches the vertical, then changes to westerly at 80°. 
We are here apparently in the focus of the crush. Close by to the 
east (350 ft.) is a slight hollow; and beyond it are the Salterella- 
erit, Brown Flags, and Annelidian Quartzite in regular sequence. 
The beds vary between an easterly dip at 80° and the vertical. This 
succession is precisely the same in lithology and thickness of beds 
as the arch-like section on the shore, but in reversed order, and it 
clearly constitutes the eastern limb of the synclinal fold. The 
Seamy Quartzite is found underlying the Annelidian higher up the 
hill. Following these quartzites along the strike to the north, we 
find they are continuous with the overthrown quartzite of Druim-an- 
tenigh ; so that the overthrow is proved both by actual observation 
of the gradual change of dip and by the reversed order of the 
succession. 

This folding-back of the Quartzite and associated beds is seen 
very clearly all along the ridge from the Arnaboll valley to the line 
of the present section. Leaving the Eastern Gneiss, and descending 
the slope to the loch, we everywhere find that the quartzite, after 
a few sharp overthrown contortions, bends over to the west, and 
plunges down in vertical sheets, which, as we follow them down- 
wards, gradually bend into the hill, so as to present an over- 
hanging surface to the west. 

These sections render intelligible the otherwise obscure ground 
between Druim-an-tenigh and Heilem Ferry. The peninsula at the 
ferry is composed of the Dolomite, dipping at a low angle to E.S.E., 
as if it would pass below the quartzite of Druim-an-tenigh. There 
is no reasonable doubt that this dolomite is continuous with the 
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dolomite of Camas-an-Duin, the strikes passing below the waters of 
the bay; and we know that the quartzite of Druim-an-tenigh is on 
the strike of the quartzite of the ridge above Camas-an-Duin. The 
northern section differs only in the apparent absence of the Brown 
Flags and Salterella-grit. Thereis, however, a considerable breadth 
of covered ground at the Heilem isthmus ; and as the Flags and 
associated beds reappear on the strike further north, it is reasonable 
to infer that they are present in the isthmus beneath the super- 
ficial deposits. It is, however, possible that they may, in part 
at least, have been crushed or faulted out. 

Section in the Ravine above the Free Church.—Following the 
dark Dolomite at the west end of the Camas-an-Duin section along 
the loch to the south, we find it overlain by the white variety, as in 
Assynt. The dip gradually sinks to the horizontal. Then there is 
sudden contortion and crush, and the dip changes to E.S.E., the 
same inclination being continued as far as the Erriboll ferry. 
Here I turned up the slope to the south-east, which is occupied by 
dolomite up to about 400 ft. It is seen dipping south-easterly at a 
moderate angle, and is, in the ravine above the church, overlain by 
fossiliferous Salterella-quartzite and grit, succeeded by the Flags 
(50 ft.) and the Annelidian Quartzite. The last is not more than 30 
or 40 feet thick; and as it is broken and squeezed, there is no doubt 
that the Seamy Quartzite is faulted out against the Caledonian. 

A little further to the south the folding-back of the Dolomite is 
very clearly seen. At first it dips easterly at a low angle; then, 
within a few yards, it is bent right up to the vertical, and thrown a 
little over, the Salterella-grit, Brown Flags, and Quartzite cropping 
out on the eastern side in regular sequence. 

Section above Erriboll House-——The Dolomite, with an easterly 

dip, occupies the lower slopes from the loch upwards. It is over- 
lain regularly by inverted Salterella-grit and quartzite, Brown 
Flags, and Quartzite, precisely as in the last section. 
_ The so-called “ Upper Limestone” comes in here between the 
Quartzite (inverted) and the gneiss of the Hopeseries. Itis amass 
of dolomite about 100 yds. long and 50 ft. thick. The gneiss, where 
it comes down to the Quartzite at each end, is contorted. These 
facts strongly suggest that this mass is merely a wedge of dolomite 
let down into the fault between quartzite and gneiss. 

It would be superfluous to multiply sections in this area. The 
facts described are seen, with immaterial variations, wherever the 
rocks are clearly exposed. Having visited the district in two 
successive years, and traversed the ground over and over again, I can 
unhesitatingly affirm that all along the steep slopes which overlook 
the eastern side of Loch Erriboll between the north end of Druim- 
an-tenigh and the road to Altnaharra, a distance of nearly three 
miles on the strike, the members of the Assynt series, dipping 
easterly in inverted order, are bent back upon the same series 
dipping in the same direction and uninverted. 

Section at Crarg-na-faolin.—I have not examined the rocks on the 
strike to the south-west of the Altnaharra road ; indeed the ground 
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is too much covered in to promise good results; but we come again 
to the Assynt series in the prominent peak of Craig-na-faolin (934 
ft.), which overhangs the south end of the loch. The upper half 
of the western escarpment is formed of Arnaboll gneiss, very horn- 
blendic, about 300 ft. thick, passing up into gneiss of the ordinary 
Hope type. Dipping to the E.S.E., below the gneiss is the Anne- 
lidian Quartzite. A little further to the south the quartzite opens 
out on the strike, and Brown Flags come in between two bands of it. 
This is no case of thinning-out ; for the flags appear suddenly, and, 
instead of lying conformably with the quartzite, they are squeezed 
into a double fold like an upright letter § very broad for its height. 
The quartzite both above and below the flags is full of the worm- 
burrows. The section is not very clear ; but the facts, so far as they 
go, harmonize with our previous sections. The Quartzite, folded 
back upon itself, has caught a mass of the Flags and squeezed it 
into complex folds. 

Ground between Ben Arnaboll and Ben Heilem.—North of the 
road from Heilem to Hope Ferry, and west of the Hope river, the 
rocks are all of the Assynt series. Quartzite, flags, and dolomite 
occur over and over again and in varied order, as if we had half a 
dozen similar successions thrown pell-mell together. I gave some 
study. to the area, but concluded that, after the clear sections 
further south, it would not be a profitable use of time to attempt to 
unravel the confused tangle of faults, folds, and overthrows. 

Ground between Hope Ferry and Whitten Head.—The river Hope 
forms the eastern boundary of the Assynt rocks as far north as its 
mouth ; but at this point the Quartzite crosses over to the north- 
east, and usually occupies the shore right along to Whitten Head, 
nearly. six miles north of the ferry. 

Where the Quartzite first appears, north of Inverhope, it apparently 
dips easterly under Arnaboll gneiss. The uppermost beds are of the 
seamy type, while the underlying strata at the shore are full of 
worm-holes. Hence there would seem to be an inversion, as in the. 
southern Jocalities. 

A mile further north, in Cnoc-na-goar, the quartzite (which dips 
to the E., as if below the gneiss) is the lower band. Following it 
down to the shore-cliffs, we find the dip becomes progressively 
lower; and just at the sea-level the beds roll over to the W., form- 
ing an anticline. At least this was the appearance from the top 
of the precipice to the south; but the nature of the ground prevented 
a close examination. ‘The same cause rendered it impossible for me 
to ascertain the intimate structure of the rock; but the beds are 
apparently on the strike of the Annelidian Quartzite near 
Inverhope. 

Two miles further north, near Fresgill, the Annelidian Quartzite 
occupies the shore, dipping easterly at a low angle. Large blocks 
of the Brown Flags are scattered about ; and, as they are unrounded, 
they cannot have travelled tar. There are no other signs of this rock, 
so far I know, in the locality, or, indeed, anywhere north of Hope 
ferry ; so that perhaps it would be hardly rash to suggest that the 
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Flags may crop out low. down on the shore, or under water, from 
beneath the Quartzite, and that the fragments have been thrown 
up by the tremendous waves which operate with such energy along 
this exposed coast. 

At Whitten Head the rock nearest the Caledonian is the Seamy 
Quartzite. Fragments of the Annelidian variety are found lying 
about; but these towering precipices, rising absolutely vertical for 
nearly 500 feet, forbid close investigation, though a good cragsman 
might perhaps meet with some success. Something more might also 
be done with boats ; but so heavy is the swell on these stormy shores 
that little could be effected, save in exceptionally calm weather, such 
as rarely occurs in the district. 

The region north of Hope Ferry is thus seen to confirm the clearer 
sections further south, the upper division of the Quartzite being 
regularly overlain by the lower. 

I claim, then, to have proved that the Assynt series is folded 
back upon itself for a distance of several miles south of Heilem, and 
to have shown it to be highly probable that the inversion occurs the 
entire distance from Craig-na-faolin to Whitten Head, a distance 
of nearly 12 miles. 


C. The Caledonian Gneiss brought over the inverted Assynt Series 
by Karth-movements. 


Structure of Ben Arnaboll (756 ft.) (figs. 9 and 10).—Good 
sections are exposed along the dip (W. to E.) and the strike (N. 
to §.)—the former in the cliff south of the road from Heilem 
to Hope ferry, the latter in the precipitous escarpment over- 
hanging the valley which separates the hill from Druim-an- 
tenigh, 

The dup-section (fig. 9) represents the gneiss clearly overlying the 
Quartzite * for a breadth of over a quarter of a mile, the two series 


Fig. 9.—Section of the northern side of Ben Arnaboll. 
(Seale 4 inches to | mile.) 


being at first sight apparently conformable, dipping to S.S.E. A close 
examination, however, shows that the conformity is not perfect. 
In one place the gneiss dips down onto the quartzite at a higher 
angle, and other beds of gneiss come into the angle between the 
two. At another spot, further to the east, the gneiss does not keep 


* The band of quartzite in contact with the gneiss is slightly altered (no. 99, 
p. 418). 
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to the same bed of quartzite, but overlaps the edges of several beds 
within a few yards. We are not, however, left to such minute 
points of criticism. Here, again, our knowledge of the Assynt 
succession solves the difficulty. ‘The beds of quartzite in contact 
with the gneiss are of the Seamy type; and lower down the slope the 
upper (Annelidiauz) division comes in. Further west, at the corner 
where the cliff curves abruptly round to the south, the Brown Flags 
appear below the Annelidian; and below the flags, at the base of 
the escarpment, the Annelidian comes in again. This structure is 
similar to the inverted syncline on Camas-an-Duin, the Salterella- 
grit and Dolomite being absent from the centre of the fold, as in 
Craig-na-faolin. 

The same relations are continued for some distance along the 
strike-section (fig. 10). The ground now rising towards the south, 


Fig. 10.—Strike-Seetion of the western escarpment of Ben Arnaboll. 
(Scale 8 inches to 1 mile.) 
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the Quartzite under the flags is soon hidden, and the flags occupy the 
base of the cliff. Then suddenly the Quartzite (about 200 ft. thick) 
above the Flags disappears, and the latter form the whole of the 
scarp below the eneiss, the Quartzite and Flags being separated by 
a vertical fault, except at the top, where the “Flags send a narrow 
wedge to the north, between the Quartzite and the gneiss. Further 
south the place of the Flags is taken by confused masses of quartzite 
and flags; but just above the little loch the succession is clear. 

The cliff at this spot from its foot to the base of the gneiss is 
200 feet high. It displays an exact repetition of the Assynt series 
from the bottom of the Flags to the lower part of the Dolomite. 
Quartzite lies at the foot of the scarp. Ascending over the Flags, 
in which we can make out three horizons, at 60 feet we reach the 
Salterella-grit and Quartzite, and at 90 feet we come to the base of 
10 ft. of dolomite. At 100 feet the Flags rest on the Dolomite, the 
lower rock dipping E.S.E. at 40°, and the Flags at 30°, the beds of 
dolomite being curved outwards as if by the pressure of the over- 
lying flags. The second 100 feet is the lower succession repeated, 
even to the 10 feet of dolomite. It will be observed that in this 
section the rocks are not inverted. 

The faulting here is not normal; tor the repeated series rests on 
the lower one in a steep cliff, but is clearly reversed. The westerly 
push of the repeated beds tends to confirm my explanation of the 
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overlie of the gneiss. The same force which doubled the Assynt 
series back’ upon itself could also have brought the gneiss over the 
Assynt series. 

These sections not only add to the proof of inversion and over- 
thrust, they show that, even putting inversion on one side, the 
alleged evidence for a conformable succession breaks down. ‘The 
gneiss in the western escarpment forms the upper part of the cliff 
continuously from north to south, lying in apparently regular beds. 
But the underlying rocks are a confused mass of fragments, some 
right side up, others upside down, but neither the normal nor the 
inverted blocks being continuous for many hundred feet. This 
enormous crushing probably took place while the Assynt series 
was being folded back by the thrust of the Caledonian. 

Junction South of the Arnaboll Valley.—At the opening of this glen 
on the south side, the Arnaboll gneiss rises in several small humps, 
from which the Quartzite dips in various directions, as if tilted up 
by the upheaval of the gneiss. The chief junction is well seen at 
the top of the slope, a little notch separating the two groups. Some 
schisty, rather rotten beds are in contact with the Quartzite; and 
the Caledonian forms a low scarp at the east side of the gap, which is 
but a few yards wide. ‘The gneiss is of a reddish colour, and it is 
associated with some grey felspathic schist, the whole being 
penetrated by granite veins. _ The dip of the gneiss is E.S.E. at 60°, 
while the Quartzite dips W.N.W. at 70°-80°. The quartzite is the 
lowest of the group, the base being a thin band of conglomerate like 
the basement seam in Glen Coul, and the grit bed occurring in its 
usual place about 10 feet above. After some sharp contortion, the 
beds plunge over to the west, as already described. The discordance 
between the gneiss and the Quartzite is thus seen to be very well 
marked. . 

Following the basement quartzite on the strike to the south, we 
find it gradually rises to the vertical, and then is folded back so as 
seemingly to dip below the Caledonian, the conglomerate being still 
in contact, and the grit-bed about 10 feet below the gneiss. The 
process by which apparent conformity is produced is thus very 
easily observed. This overthrow is in the lowest quartzite, and is 
quite irrespective of the great overthrown fold further west. Several 
other small contortions also occur in the quartzite before it takes 
its final plunge down to the loch. 

Further to the south the lowest quartzite is crushed out, the Anne- 
lidian Quartzite, and that only in part, being in contact with the 
Caledonian. 

Taking the same line, but turning our attention to the gneiss, we 
observe still more striking proofs of want of conformity. The 
Quartzite strikes steadily to 8.8.W., while the strike of the gneiss 
is between S.W. and W.S.W. The Quartzite is thus brought against 
higher and higher beds of gneiss, till finally the Arnaboll type con- 
tracts to a narrow wedge and disappears, and the Quartzite comes 
up to the Hope series, with which it remains in contact for miles to 
the south. 

Q. J. GS. No, Loo: 26 
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We have thus a twofold discordance. From north to south gneiss 
is brought against higher beds of quartzite, and quartzite is brought 
against higher beds of gneiss. 

Junction North of Hope Ferry.—The high ground above the ferry is 
occupied by gneiss on the strike of the gneiss on Ben Arnaboll; and 
this rock forms the crags overhanging the Hope river to near 
Inverhope, where the Quartzite comes in. In the cliffs to the north- 
east of Inverhope the gneiss is sometimes very hornblendic, sometimes 
passing into hornblende-schist. Here there is also a felspathic schist, 
somewhat like a banded hialleflinta. No actual junction is seen, 
but the Arnaboll gneiss apparently overlies the inverted Quartzite. 

We now come to the striking and instructive section exposed in 
Whitten Head (fig. 11). In these tremendous cliffs, the junction 


Fig. 11.—Section at Whitten Head. (Scale 1 inch to about 500 feet.) 
Ww. E. 


of the two groups is exposed as clearly as in a diagram, the snow- 
white quartzite forming a vivid contrast to the gneiss, with its 
stripes of red and dark-green colours. The line of separation is an 
irregular fracture, which first inclines for a short distance towards 
the west, then turning at an obtuse angle it hades in an easterly 
direction down to the base of the precipice. The hade being to the 
upthrow, the fault is of course reversed. Both series dip easterly 
at about the same angle, the result being that, at some parts of 
the fault, the gneiss rests conformably upon quartzite. Had the 
rocks been exposed only upon horizontal surfaces, the two groups 
would have seemed perfectly conformable. This section thus shows 
how those appearances have sometimes been caused which have 
led observers to infer a ‘‘ clear ascending series.” 

North of the Head are two remarkable pinnacles of quartzite 
rising lke gigantic columns out of the sea. Nearer the cliffs is a 
third stack, into which, according to Murchison, “ a shaft of felspar- 
rock”’ has been intruded. My reading of the facts is widely 
different. The pinnacle is a mass of quartzite dipping gently to 
the west, and resting upon a base of red and dark-green gneiss. 
There may be granite veins in the gneiss (the distance from which 
the rock was observed was too great for the determination of this 
point); but certainly no intrusive rock passed up into the quartzite, 
the basement beds being unbroken and nearly horizontal. This 
superposition of the quartzite on gneiss is on the west side of the 
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fault, which here runs along the cliff. I could not at the distance 
determine whether the gneiss was Hebridean or Caledonian, but 
the colour was that of the latter. 

Ground between Druim-an-tenigh and Ben Arnaboll_—Between the 
inverted synclines on the western slopes of these parallel ridges the 
rocks are very broken. North of the little loch in the intervening 
valley, the Salterella-zone with overlying dolomite was repeated 
more than once. The strike of these beds, when continued to the 
north, diverged more and more from the strike of the Assynt rocks in 
the escarpment ; and just above Loch Craggie a mass of Annelidian 
Quartzite, with strike at right angles to the beds on each side, came 
in. It really seemed as if this were a wedge thrust in from the north, 
and that it had forced apart the faulted strips between which it had 
been intruded. 

Very striking evidence of lateral pressure is seen in this quartzite. 
The worm-tubes, originally vertical, are all strongly bent towards 
the west. The contortion is even more marked than in the tubes of 
the quartzite at the Stack of Glen Coul. As this mass is out of 
place, the side pressure must have been subsequent to the faulting. 
In a small hill to the west the same phenomenon is repeated. The 
next ridge to the west is composed of the Flags, which are bent in 
different directions and terribly broken, fragments of quartzite 
being also thrust in amongst them. This ground has been described 
to supply corroborative evidence of lateral thrust and dislocation. 


D. Outliers of the Assynt Series on the Caledonian. 


Nicol, in his Camas-an-Duin section*, represents an outlying 
fragment of quartzite on the top of his “intrusive granulite.” As 
the latter rock is certainly a gneiss ; the quartzite is to be regarded 
as a true outlier. I have detected two other outlying patches on 
the plateau between the Arnaboll valley and the point where the 
quartzite comes up to the Hope gneiss, so that they all rest upon 
the Arnaboll group, which here forms lower ground than the Hope 
rocks. One of these outliers (see fig. 8, p. 399) lies a little north of the 
point where the Arnaboll gneiss; disappears, and a second a short 
distance on the strike to the north of the first. They are not far to 
the east from the junction between quartzite and gneiss, the latter in 
both cases clearly intervening between them and the chief mass tu 
the west. They are composed of the basement beds of the quartzite, 
seamy and gritty. The dip is easterly at a low angle, the rock 
being somewhat disturbed, as if exposed to subsequent compression. 

A third mass of quartzite forms a boss on the top of the southern 
slope of the Arnaboll valley at its eastern end. The strata plunge 
about at various angles in almost every direction. On the north side, 
the lowest bed, the conglomerate, dips N. at Arnaboll, gneiss also 
dipping N., the usual dip of the gneiss in this locality being 8.8.E. 
On the western face of the knoll the quartzite dips S.E., as if away 
from a mass of gneiss which rises on the west. 


* Quart. Journ. Geol. Soc. 1860, vol. xvi. p. 88. 
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The significance of these facts is obvious. As the quartzite in 
these outliers rests unconformably upon the Caledonian, the latter 
must be the older series. 

Prof. Nicol, whose identification of the gneiss as “intrusive 
granulite ” precluded him from the use of this argument, described 
what he considered an outlier of the younger rocks at Cnoc Craggie, 
near Tongue. With his interpretation I am unable to agree. The 
hill is a mass of breccia, the fragments being chiefly composed of 
the flaggy gneiss. The rock bears no resemblance to the Torridon 
Sandstone, to which Nicol referred it. The quartzite, which he 
supposed to overlie at the southern end, refused to disclose itself, 
though J searched every yard of the ground. The only stratified 
rock visible was the ordinary thin-bedded gneiss, which towards 
the hill became brecciated and appeared to pass into the breccia. 
A reddish granite is intruded at this point. 


K. Granite not mtrusive m the Assynt Series. 


If the gneiss normally overlies the Assynt rocks, we ought some- 
times to find granite intrusive in the latter. Yet although the gneiss 
in the Erriboll area is, as Murchison stated, ‘‘ riddled” with yranite, 
the granite never appears in the adjoining quartzite. Murchison, 
indeed, describes what he considered an example of such intrusion 
in the north-and-south ridge east of Heilem*. My examination of 
the rocks did not lead to the same conclusion. In the centre of the 
ridge, I found not only granite but a narrow wedge of gneiss, which 
certainly could not be intrusive in the ordinary sense. I observed, 
moreover, that the quartzite, flags, and dolomite on each side were 
tilted up by the interior mass, whereas the granite in the gneiss of 
this area does not produce this effect. On the east side, dolomite 
dipped away at amoderate angle; and on the west, the flags, which 
in one place. dipped away from the ridge at 80°, were seen, when 
traced down the steep slope, to rise to the vertical, and then to fall 
over to the west, so as to dip into the hill. The so-called ‘‘intru- 
sive granite” is, then, a linear wedge of gneiss with granite in it, 
thrust up amongst the overlying Assynt series, which, on the west 
side, it actually overthrows. ‘The ridge is precisely on the geogra- 
phical strike of Druim-an-tenigh, and the overthrow is similar. 


III. Igneous Rocks. 


The result of my work has been to considerably reduce the quan- 
tity of igneous rock supposed to exist in the North-western High- 
lands. Omitting ordinary dykes and small masses of dolerite and 
felsite, the following deserve notice. 


* Called “ Drumtungi” in his section (Quart. Journ. Geol. Soc. 1859, vol. xv. 
p. 234). This name, or “ Druim-an-tenigh,” is, however, given to the ridge 
lying to the south, described by me above. 
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1. Loch-Ailsh Group. 


The prevailing rock in this mass is reddish in colour, of a grani- 
toid texture, and mainly composed of quartz and felspar. Prof. 
Bonney describes it (No. 109, p. 420) as “a kind of syenite ;” but 
hornblende is certainly not a very conspicuous constituent. An ex- 
ceptional variety, garnetiferous (No. 72, p. 420), occurs east of Loch 
Borrolan, on the slope north of the road. 

These rocks form the ranges of hills which strikes 8.E. and N.W., 
between the gap south of Loch Ailsh and Ledmore, and culminates 
in Cnoc-na-Strone, above Ledmore. From the hill west of the gap, 
the igneous rock turns to the N.H., and appears here and there through 
the quartzite of Loch Ailsh and the south-eastern slopes of Scounan 
More. Growing more conspicuous, it rises into Scounan Beg, a pro- 
minent hump, recognizable at a distance by its coppery colour. The 
igneous rock is here in immediate contact with the old gneiss of Scou- 
nan More, and is intrusive in it in a small mass 100 yards to the west 
of Scounan Beg. Vertical jointing is very conspicuous in the latter 
hill. The syenite is continued across the Oykel, being well exposed 
in the river-bed for a breadth of nearly two miles, its eastern boun- 
dary passing a little north of Kinloch Ailsh. Its north-eastern ex- 
tremity forms a reddish mass, the counterpart, on the opposite side 
of the river, of Scounan Beg. A little east of this point it comes 
up to the eastern gneiss, cutting out the marble. All other con- 
spicuous elevations which have been marked as “igneous” in this 
area are Hebridean. 


2. Igneous Rock of the Quartzte. 


I have already referred to the occurrence of this rock in the 
Quartzite as a useful indication of a certain horizon. On the 
south-west side of Loch Assynt the “‘ porphyry ” contains very large 
erystals of felspar. This interesting variety has been described 
by Prof. Heddle*. Generally the igneous rock is more compact, 
and might be described as a porphyritic felsite. It is frequently in- 
terbedded, but is probably not contemporaneous. Diorite (No. 71, 
p. 419) also frequently occurs at the same horizon. 


3. Granite of Durness and Loch Erriboll, 


The granite of Loch Erriboll is mainly composed of quartz and 
a brick-red felspar, with a peculiar glassy cleavage, which is charac- 
teristic of the granite east of the loch. The granite intrusive in the 
Hebridean of Durness is of similar composition; but the distinctive 
cleavage is absent. Veins are much more abundant in the Arna- 
boll gneiss than in the Hebridean of this district. They rarely 
appear in the Hope series in this area; but I noticed in Craig-na- 
faolin, where the Arnaboll passes conformably up into the higher 
eroup, that some veins penetrated the lower beds of the latter, 


* Mineral, Mag. Aug. 1881, p. 233. 
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TV. Summary or Resvtts. 


1. The Assynt series has been doubled back upon itself in a com- 
pressed synclinal fold along Loch Erriboll, so that the Quartzite is 
brought up over the Dolomite. In Assynt, also, the quartzo-dolomitic 
group has been folded back, though less conspicuously. On Loch 
Broom, the Dolomite does not come into contact with the Eastern 
Gneiss at all, but is separated from it by older faulted rocks. 

Zan lhe Assynt series and the Eastern Gneiss in the three areas 
described display a discordant strike and dip. On Loch Broom the 
dip of the former is north-easterly, that of the latter south-easterly. 
In Assynt, where the rocks are in contact, as at Glen Coul, the dip 
of the gneiss is north-easterly, that of the quartzite south-easterly. 
On Loch Erriboll* the discordance is double, both the gneiss and 
quartzite, taking them from north to south, coming respectively into 
contact with higher and higher beds of the other group. 

3. The “Igneous Rock” of some authors, “ Logan Rock” of Dr. 
Heddle, is usually the Hebridean gneiss. On Loch Broom it is 
brought into contact with almost every member of the Assynt series 
in turn, and slightly overlies them. In Assynt this gneiss, some- 
times accompanied by the Torridon Sandstone, is thrown over onto 
the Assynt series, the overthrow increasing in breadth northwards, 
so that on Loch Glen Coul it is more than a mile wide. The “in- 
trusive granulite” of Nicol is the Arnaboll gneiss overlying the 
Quartzite and associated rock. 

4, The determination of the last point materially adds to my 
argument, the patches of quartzite resting on the “ granulite” being 
really outliers of the Assynt series lying unconformably on the 
Arnaboll gneiss. The absence of granite veins in the Assynt series 
points in the same direction. 

5. The “ Upper Quartzite” of authors is, in Assynt, the quartzite 
under the dolomite repeated east of the fault, which brings up the 
Hebridean. On Loch Erriboll it is the same quartzite repeated on 
the eastern side of the great synclinal fold. 

6. The “ Upper Limestone” is, on Loch Ailsh, marble and crys- 
talline dolomite in the Caledonian series. Near the Stack of Glen 
Coul it is the Assynt dolomite repeated east of the Hebridean fault. 
Above Erriboll House it is a faulted fragment of the dolomite ap- 
pearing east of the inverted quartzite. 

7. The Eastern Gneiss, though actually oyoulyiate the Assynt 
series in some localities, has Eien brought into this abnormal posi- 
tion by earth-movements subsequent to the deposition of the latter, 
and is of greater antiquity. : 

8. The Eastern Gneiss is widely separated in age from the 
Hebridean. 


* Tf the Arnaboll series should, contrary to my belief, turn out to be the older 
gneiss, my case would be even strengthened ; for then we should have the 
Quartzite along the same line resting against both Hebridean and Caledonian, 
and, according to the old view, passing conformably beneath both. 
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‘V. GENERAL ConsIDERATIONS. 


If the Eastern Gneiss is older than the Assynt series, it must be 
Archean. Whether or not the Assynt dolomite is the equivalent 
of the Durness limestone, it is not of less antiquity; so that the 
gneiss is at once proved to be at least Pre-Ordovician. But it can 
hardly be Cambrian, for we have no evidence in the British Isles of 
any metamorphic rocks of that age. 

But Murchison extended his induction to nearly all the meta- 
morphic rocks of Scotland outside of the Hebridean area; and 
Harkness, supported by Murchison, applied it to the schistose rocks 
of Ireland. These wide-reaching conclusions, should my evidence 
be accepted, must also fall to the ground. 

It remains to inquire to which of the Archean groups must the 
Eastern Gneiss be referred. Dr. Sterry Hunt claims it for his 
Montalban group. This view can, I presume, be affirmed or rejected 
by no one; and our consideration of it must be postponed till our 
knowledge of these old rocks is riper. There are some lithological 
resemblances between the Eastern Gneiss and the older of the 
Anglesey Archean series,—between, for example, the flaggy quart- 
zose gneiss and the green chloritic schists of both areas. If we are 
able hereafter to connect the two formations, it will probably be 
done by taking Ireland as a stepping-stone. At present it appears 
to me the safest course to adopt a local description; and, from the 
wide extent of the gneiss throughout the ancient Caledonia, I have 
proposed the term “ Caledonian.” 

I do not assume that all the newer gneissic rocks of Scotland 
belong to this series. Dr. Hicks claims to have identified several 
groups south of Loch Broom; but I am unable to express an opinion 
of his work from personal observation. 

My conclusions will remove a theoretical difficulty which has 
doubtless burdened the minds of many geologists. It has been 
regarded as highly perplexing that comparatively unaltered rocks 
should be overlain by a metamorphic series. How could metamor- 
phism have taken place in an upper series without affecting the 
lower, except on some principle of selective change? But this ex- 
planation cannot here apply, since parts of the Assynt series are 
composed of materials which could be readily decomposed and re- 
composed. 

I have more than once expressed the opinion that, so far as 
England and Wales are concerned, all areas which had undergone 
regional metamorphism were Archean. ‘These views seemed to me 
to be confirmed by my study of the rocks of Leinster. But a much 
more extensive territory must now be annexed to the Archean king- 
dom, and we seem to be approaching the induction that all British 
metamorphic districts are included within its boundaries. This will 
greatly add to the importance and interest of our Archzean studies. 

It will perhaps assist in anticipating certain objections if I de- 
scribe the sequence of events which, in my view, has taken place 
in North-western Scotland. ) 
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1. The Caledonian was laid down unconformably upon the He- 
bridean. 

2. The Caledonian was faulted down to the east along a S.S.W. 
line, and was subsequently denuded from the upcast side. 

3. The Assynt series was deposited on the Hebridean ; and being 
derived from land to the west, it thinned out eastwards, only the 
attenuated extension of its strata passing beyond the fault to the 
Caledonian. ° , 

4. The motion of the Caledonian was reversed, and it was up- 
heaved along the old line of fault, breaking off the overlying quartzite 
and dolomite along the same line, parallel faults being formed near 
it to the west. By powerful lateral thrust from the east, the 
Caledonian was forced up beyond the fault, so as to double back 
the Assynt rocks and to overlie them for some distance. At the 
same time a parallel slice of Hebridean lying to the west was, in 
like manner, thrown over onto the quartzite aud dolomite. 

5. The Assynt rocks east of the great fault were denuded, leaving 
only a few scanty patches of quartzite. 


VI. Repty to Oxsections. 


Perhaps the most serious difficulty is found in the fact that when 
the Assynt series reaches the Caledonian, the former suddenly dis- 
appears, except in the insignificant patches east of Loch Hrriboll. 
These, if true outliers, of which I entertain no doubt, at once fix 
the superior antiquity of the gneiss, even in the absence of all other 
proof; but I think it can be shown that, irrespective of these out- 
liers, the difficulty indicated is not so great as may at first appear. 

I may point out that an adherent of the Murchisonian school 
making this objection would expose himself to an effective tu quoque 
retort. If the Hastern Gneiss once overlay the Durness and Assynt 
limestones, why are there no outliers of the gneiss upon the lime- 
stone? If so tough and enduring a rock as the quartzose schist of 
the gneiss series once extended for miles to the west’ over the lime- 
stone, it is incredible that every scrap should have been swept out 
of their synclinal folds. Some of these folds were closely pressed 
togetner at probably the close of the Ordovician epoch; yet they 
do not enclose the merest fragment of the immense thickness of 
gneiss which ea hypothesi conformably overlay. 

The objection suggested may be mitigated by the following con- 
siderations :— 

(1) The Assynt series thins out towards the east. The Torridon 
Sandstone rarely reaches as far as the Caledonian ; in some places, 
as on Loch Glen Coul, it disappears at two or three miles west of 
it. The upper members of the series are also attenuated in the 
same direction. In Glen Coul, the quartzite, flags, and dolomite 
do not exceed 250 feet. Even if the thinness of the dolomite be 
_ due to faulting, this cause cannot account for the insignificance of 
the flags, which are conformably interbedded between the quartzite 
and the dolomite. In Ben More of Assynt and Ben Arnaboll, the 
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dolomite, which is.covered by overthrown gneiss, is, in the former, 
less than 30 feet, and in the latter not more than 10 feet in thick- 
ness. I cannot, however, positively assert that this thinning of the 
dolomite is not due to faulting. 

(2) The denudation along the line of the great dislocation has been 
very great. The outliers of quartzite which lie upon the Arnaboll gneiss 
are the base of the series, and not over 30 feet thick ; but within a 
mile to the west the Quartzite and Dolomite are in full force. The 
Dolomite and Flags have been preserved within the synclinal fold ; 
but as we ascend the ridge we find the different groups cleared away 
one after the other till, at the summit plateau, both in the outliers 
and the main mass we have only the basement beds. In Assynt, 
also, strata higher than the Quartzite are rarely found on the pro- 
minent ground ; and their occurrence at lower levelsis due to favour- 
able circumstances, such as being enclosed in synclines, surrounded 
by durable strata, as in the Stronchrubie basin. Towards the Eastern 
Gneiss the Quartzite itself is usually partially thinned away, the 
lowest beds only remaining. Near Ullapool the evidence of exces- 
sive denudation is very clear. There are, near Loch Auchall, broad 
bands of faulted Torridon Sandstone intervening between the Cale- 
donian and the upper members of the Assynt series. We know 
that this Torridon was once covered by 500 or 600 feet of quartzite, 
flags, and dolomite, which have been clean swept away. 

That areas of dislocation should be subject to great denudation is 
only natural when we reflect that upheaval and depression tend to 
repeat themselves at successive epochs along lines of weakness. The 
chain of the Wrekin, for example, a mere wedge of the Archean 
floor, thrust up at a fault, has been alternately rising and sinking 
since Cambrian times. In like manner the Caledonian at the faulted 
junction with the Assynt series has probably been elevated and de- 
pressed more than once since the Ordovician epoch. The alterna- 
tion, then, of marine with subaerial action would be so effectual 
that the presence rather than the absence of fragments of a forma- 
tion about 100 yards thick would be matter for surprise. This view 
is greatly strengthened by the present elevation of the Caledonian. 
All along its junction with the newer rocks on Erriboll, in Assynt, 
and near Ullapool, it forms high ground, frequently rising into lofty 
mountains. Hither, therefore, the quartzite which once rested on 
it must have been raised up some 300 or 400 feet at least once, 
during which time the quartzite constituted the capping of the 
escarpment formed by the upthrow side of the fault, and would 
suffer the usual degradation of escarpments; or the gneiss had been 
carved into something like its present features before the Assynt 
epoch, in which case its superior elevation would account for the 
attenuation of the quartzite. 

If still it should be contended that outliers of the quartzite upon 
the Caledonian ought on my hypothesis to be more extensive, I may 
call attention to the parallel case of the Penine fault. The great 
escarpment which overlooks the valley of the Eden along a line of 
20 or 30 miles, is mainly composed of Carboniferous rocks, the 
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highest summit, Cross Fell (2900 feet), being capped by Coal- 
measures. The valley below is occupied by Permian and Triassic 
deposits, faulted down at the foot of the scarp. The average thick- 
ness of the Permian alone is estimated at between 3000 and 4000 
feet ; yet not a fragment of it remains east of the fault. If an ex- 
tensive plateau has been swept clean of 3000 feet of sandstone since 
the Permian epoch, it is not surprising that another plateau should 
have been cleared of 300 feet of quartzite since the Ordovician 
period. 

If it be objected that the stupendous inversions and overthrows 
which I have described are improbable, I have only to reply that 
such effects are not uncommon in disturbed districts, and are fami- 
liar to geologists. I will only call attention to a remarkable 
example, copied from A. von Heim by Dr. A. Geikie, in his new 
‘Text-Book of Geology,’ p. 518. On the left of the section ‘ schis- 
tose rocks, perhaps metamorphic Paleozoic formations,” with white 
Jura conformably underlying, rest upon the upturned edges of 
highly contorted Kocene strata. 

In the paper which I thus bring to a conclusion, I claim to have 
invented no new method of investigation. I have worked upon 
the recognized principles of our science, and they have been found 
sufficient for my purpose. I shall be rewarded for my labour, if I 
have succeeded in emphasizing the truth, that the only authority to 
be recognized by geologists is the authority of Nature herself. 


APPENDIX. 


Notes on a series of Rocks from the North-west Highlands, collected 
by C. Callaway, Esq., D.Sc., F.G.S. By Prof. T. G. Bonney, 
M.A., F.R.S., Sec. G8. 


In describing this interesting series of rocks I shall endeavour, as 
far as possible, to gather them into groups in order to save the re- 
petition of details. A lengthy description will in most cases be un- 
necessary, because the majority of the specimens belong to types 
which have already been described with considerable fulness by Mr. 
T. Davies and myself. 

The first group is a series of coarse, rather granitoid gneisses, 
generally admitted to be representatives of the “Hebridean series. 
These rocks are rather coarsely crystalline in texture, generally not 
conspicuously foliated, containing a variable amount ‘of hornblende 
or of black mica, but occasionally having a white mica as the third 
constituent. 

Under the microscope, the minerals are well crystallized imter- 
nally, but do not, as a rule, exhibit externally a definite crystalline 
form. ‘Those ordinarily occurring are quartz, felspar, mica, and 
hornblende, with commonly some sphene and epidote, and, occasion- 
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ally, apatite. Some granules of magnetite, hematite, or, perhaps, 
ilmenite are usually present. 

The quartz occurs as rounded to rather elongated grains of 
variable size, often grouped. Commonly, as seems to be usual in 
these very ancient rocks, they contain so many minute enclosures as 
to have a rather “ dusty ” aspect. Some of these may be microliths 
of various minerals (a micaceous one among them); but others are 
certainly cavities, not seldom very irregular in form. These fre- 
quently contain bubbles relatively as well as absolutely of very 
small size, which move freely. 

The felspar occurs in grains, with outlines either rounded or some- 
what irregular. A portion, no doubt, is orthoclase, but Carlsbad 
twinning does not appear to be common. Very characteristic micro- 
cline is almost always present in the slide, and is frequently com- 
mon. Another triclinic felspar is also frequent, this exhibits re- 
peated oscillatory twinning, and the lamine generally extinguish at 
small angles (commonly less than 10°) with the twin plane, when 
it is coincident with a vibration-plane of one of the crossed Nicols. 
Hence most of it is probably albite or oligoclase. 

The hornblende is usually green, dichroic, and shows characteristic 
cleavage. ‘The black mica is frequently more or less replaced by a 
green secondary product allied to chlorite, as is common in ancient 
rocks. The white mica occurs in moderate-sized plates, exhibits a 
rather wavy cleavage, and gives bright colours with the two Nicols. © 

The sphene (or what I take for it, as the identification is not 
always certain) is not very clear or characteristic. The other 
minerals do not call for special remark. 


Hebridean Gneisses. 


In this Hebridean group I place the following specimens of Dr. 
Callaway’s collection :— 

62 (Durness). In this specimen some of the plagioclase extin- 
euishes at angles too large for oligoclase or albite; there is a good 
deal of apatite; and we find, with a considerable quantity of most 
characteristic hornblende, a pale green mineral in rather irregular 
clusters, associated with earthy-locking granules. The cleavage in 
the cross sections is not very distinct, but the extinction-angle in 
longitudinal sections is often much too large for hornblende, so that 
I am induced to regard it as an abnormal form of augite—a 
mineral, so far as my experience goes, extremely rare in all rocks 
of this description. 

64 (Ben Arnaboll, Loch Erriboll, p. 396) contains a considerable 
quantity of black mica. The structure of this rock is a little peculiar, 
and I could conceive it possible that it was an igneous rock crystallized 
under a definite pressure. I think, however, it is a true gneiss. 

75 (Glen Coul, p. 384), a hornblendic gneiss, contains a good deal of 
a pale green mineral, which appears to be an alteration product after 
black mica. 

76 (Eagle Rock, south-east spur, pp. 374, 381), This specimen con- 
tains very little quartz. The structure is rather obscured by crushing, 
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and some of the hornblende appears secondary. If the rock be meta- 
morphic in the ordinary sense, it belongs to this group; but I have 
great doubts whether it is not a true ignéous rock. 

77 (Valley south of Ben Arnaboll, p. 396), hornblendic gneiss with 
some microcline; 78 (ibidem, p. 396), rather crushed, rather rich in 
microcline, containing little besides felspar and quartz. 

79 (West of Cnoc Chaorinie, p. 388) rather rich in white mica, no 
hornblende or black mica. 

80 (Craig Dhu, pp. 374, 378). Composition resembling 78, much 
crushed, with a little viridite infiltrated in the cracks ; greatly resem- 
bles the so-called igneous rock near the fault in Glen Laggan described . 
in my paper (Quart. Journ. Geol. Soc. vol. xxxvi. p. 93), and, like it, is 
certainly one of the granitoid gneisses of the Hebridean series. 

81 (Burn of Calda, p. 378) contains, with some hornblende, a 
mineral resembling that described in 62, but more characteristically 
a diallage ; part of it has been converted into uralite. Even diallage, 
so far as my experience goes, is rare in gneisses; though, looking at 
the mode of its occurrence in igneous rocks, one would not be sur- 
prised to find it. Some grains of structure generally similar are 
replaced by an earthy-looking rather serpentinous mineral. If this 

‘rock be metamorphic it is certainly Hebridean; but I feel doubts 
whether it may not be an igneous rock which has been deprived 
_ by local crushing of its most characteristic structures. 


Rocks probably crushed in situ. 


Several of the above rocks exhibit some indications of crushing 
and recementation ; but in the group to which I now proceed this 
is very conspicuous, and sometimes has so much obscured the ori- 
ginal structure that it is difficult to pronounce upon the true cha- 
racter of the rocks. In most cases, however, I feel tolerably certain 
that they belong to the Hebridean series. The cementing agent is 
chalcedonic quartz, but other minerals, as viridite, sericite (?), and 
iron-oxides are associated with it. The felspar is frequently greatly 
decomposed and replaced by various earthy-looking granular minerals, 
some of which may possibly be related to staurolite or andalusite. 
The percolation of water through the pulverized mass, while it 
favoured the deposition of quartz &c., would be likely to remove the 
alkaline constituents of the felspars. The deposition of micaceous 
or chloritic minerals on the surfaces of minute fracture under 
continuous pressure often gives the rock the macroscopic aspect of a 
dull-coloured normal mica-schist; but when it is examined microscopi- 
cally, we see how superficial is this resemblance, and the true alliance 
of the rock with the ordinary gneisses is revealed. To this group 
belong 63 (2 miles 8.8.E. Ullapool, pp. 364, 378), 73 (Dhuloch Beg 
Burn, 378, 381); 74 (2 miles §8.S.E. Ullapool, pp. 364, 378) contains 
some calcite and dolomite (?). A secondary mineral has crystallized 
with it, which appears to be felspar, and the same borders some of 
the broken and decomposed original grains of that mineral. 

83 (Balloch, Ben More), 84 (Burn of Calda), 85 (ibidem), 86 


(ibidem) (p. 378). Though parts of the slides bear a most remarkable 
J 
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resemblance to a true grit, I cannot help suspecting from others that 
we have here only a very exceptional case of local crushing of a 
Hebridean gneiss; the difficulty is increased by the matrix in which 
the fragments appear being darkened, in the case of the one which 
is most grit-like, by an iron-oxide. 

87 (ibidem, p. 378). Seems to be a gneiss more or less crushed ; 
parts of the slide are darkened as in the last ; and a good proportion of 
the quartz has the aspect of being of secondary origin. 

88 (Camaal Loch, p. 378). This, again, is a most puzzling rock, 
having a very clastic aspect ; but I have very strong suspicions that 
it is only an exceptional specimen of one of the Hebridean gneisses 
(containing two kinds of mica). 

89 (Calda Burn, p. 378), 90 (Dhuloch More Burn, p. 373). Though 
these slides present some peculiarities and differences of structure, I 
am disposed, though with hesitation, to place them in this group. 

91 (Calda Burn, p. 378) also belongs here. 


Rocks retaming traces of a Clastice Origin. 


The rocks hitherto described do not appear to include specimens of 
the distinctly foliated gneisses and mica-schists, often garnetiferous, 
which I have collected on Ben Fyn and received from other locali- 
ties *, so that I pass on at once to a group most of which are evi- 
dently formed of detritus obtained from the series just described. 
Of these I shall not attempt to determine the definite geological 
position. While all of them give marked indications of alteration, 
this is insufficient to obscure the more conspicuous features of the 
original structure. Representatives of this group have been de- 
scribed by myself from the Torridon sandstone, quartzites, and 
‘upper gneiss ” (from its northern escarpment), near Loch Maree 
(Quart. Journ. Geol. Soc. vol. xxxvi. p. 98); so that it is needless 
here to enter much upon details. 

92 (Dhuloch More Burn, pp. 361, 380.) Composed of subangular 
fragments chiefly from the Hebridean series; probably Torridon 
Sandstone. 

93 (ibidem, p. 380). Fragments smaller and more angular. 

94 (Coniveall, pp. 360, 379, 383). Fragmental and variable in 
structure from coarse to fine, derived mica, some fragments like bits 
of a vein of quartz or a minute quartzite, some epidote. 

95 (Bealach Choinnich, p. 382) seems to be a rearranged Hebridean 
rock. The fragments are mostly rather angular, among them many of 
vein-quartz or the quartzose portion of a schist, felspar much de- 
composed, a good deal of a secondary green mineral (? chlorite). 
The rock appears to have been greatly compressed, as if nipped in a 
fault. 

98 (Glen Coul, south side, p. 390). Chiefly quartz (fragmental) 
and sericite (?), evidently much compressed, as shown by the flat- 
tening-out of the grains. Probably not far in stratigraphic position 
from the quartzite group; perhaps rather above it. 


* These form the second group of the specimens which I have described in 
an appendix to the paper by Dr. Hicks published in the present volume, p. 141, 
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100 (Loch Ailsh, north end, p. 387). Minute grains of quartz with 
_mnica (fragmental), epidote, and fine granular matter, probably result- 
ing from the decomposition of felspar. Does not appear to be very 
compressed. 

101 (Cnoe Chaorinie, p. 387). A quartzite. The structure of this is 
rather peculiar; the recognizable fragments are interspersed in a quart- 
zose ground-mass, of which at any rate a large part seems to be chalce- 
donic. Most of the larger fragments are, as it were, fringed with 
a deposit of microcrystalline quartz. The slide is traversed by veins 
filled by the same mineral. A little hematite and opacite is scat- 
tered about the slide. 

102 (Stack of Glen Coul). This rock is not free from difficulty. It 
consists of quartz and felspar, corresponding with those in the 
Hebridean gneisses, separated by thin films of a micaceous mineral, 
more or less dotted with opacite. The structure is undoubtedly 
fragmental; the rock has undergone great compression, the frag- 
ments being crushed, flattened out, and “ packed” together, as one 
sees in Slates. I believe it to belong to this newer group; but I 
could conceive it possible (as my opinion must be formed on a single 
slide) that we had here a specimen of the older series crushed in an 
exceptional manner. 

103 (below Kinloch Ailsh, pp. 359, 388) consists of minutely 
fragmental quartz with a little derived mica, imbedded in a matrix 
chiefly consisting of an earthy material, felsite, and minute scales of 
the micaceous (or perhaps sometimes hornblendic) mineral already in- 
clusively termed sericite, with a grain or two of magnetite(?). Itis 
in fact not more altered than many of the older Palzozoic slates. 

104 (ibidem, pp. 359, 388). The “‘ sericite” is rather abundant and 
conspicuous, giving the rock a little more the appearance of a true 
schist ; but the differences are hardly more than varietal. 

107 (Glen Coul, near house, p. 359) is a rock of the same general 
character, but with the fragments rather larger, looking less com- 
pressed, andaltogether evenless altered. The quartz fragments though 
small (usually less than :005") are rather markedly angular. 

108 (Traligill Burn, Ben More, p. 359). A rock probably of the 
same group as these last. Shows interbanding on a small scale, bands 
in which quartz fragments predominate being irregularly interlami- 
nated with finer zones composed chiefly of earthy material and seri- 
cite. It is an interesting rock for study, as I think it may be held 
to represent the first stage in the process of the conversion of an 
ordinary sedimentary rock into a mica-schist. There are numerous 
_ granules and clots of an iron-oxide, and, possibly some minute garnets. 

97 (Glen Coul, south side, p. 390), 99 (Ben Arnaboll, p. 403, note). 
These are peculiar and interesting rocks, closely resembling one an- 
other. They may be called quartzites; for the mineral is chiefly 
quartz; but it is extremely difficult, especially in the former, to detect 
with certainty the original fragments. Viewed with crossed nicols, 
the slide appears to be composed of minute granules of quartz of chal- 
cedonic aspect; among these are wavy, somewhat parallel bands, 
which appear almost homogeneous, but break up like the rest as the 
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stage is rotated, though occasionally an irregular nucleus appears to re- 
main homogeneous. These give a streaky or somewhat foliated aspect 
tothe slide. There is a little sericite, which enhances this structure. 
In 97, however, which contains a little haematite, some few original 
clastic grains of quartz may be recognized, together with microcline. 
I should suppose these rocks to be exceptional varieties of the quartzite 
group; but the obliteration of the characteristic structure, and the 
resemblance to the quartzose part of many highly altered mica schists, 
suggests that the rock may have been originally rather a fine-grained 
sand or silt, and then, by the action of heat, pressure, and water, 
almost reduced to a gelatinous silica; so that, as in a schist, many of 
the minute granules of quartz now visible are of secondary origin. 


Lnamestones. 


Of the sedimentary rocks there remain some limestones, more or 
less crystalline. Although I do not think them of one geologic age, 
I group them together because it is more difficult to conjecture from 
its crystalline condition the age of a limestone than that of any 
other sedimentary rock. 

69 (Durness). A rather impure limestone, slightly dolomitic ; no 
distinct trace of organisms, but not more altered than one would 
expect a Paleozoic limestone to be. 

68 (Lech Ailsh). A crystalline limestone, somewhat dolomitized, 
with a little fragmental quartz and less felspar. Towards the edges 
of the slide, associated with a little chalcedonic quartz, are some 
imperfectly developed crystals, above -02” long, colourless, of slightly 
silky aspect, with two cleavages intersecting at about 80°, and an 
extinction-angle of rather less than 20°, with the edges of the prisms 
so defined. 

67 (Balloch). A generally similar rock, but without the last- 
named mineral, and with rather more quartz. 

105 (South of Ben More Lodge, Loch Ailsh, p. 387). A calc-schist, 
consisting of calcite or dolomite, quartz, probably both fragmental and 
secondary, and a micaceous mineral, with some ferrite. 

106 (West of Ledbeg, p. 388). A specimen of the remarkable 
marble discovered by Prof. Heddle. As this rock is now being investi- 
gated by himself and others, I shall merely say that it has a finely 
crystalline matrix of calcite, perhaps somewhat dolomitized, in which 
are scattered, irregularly and often thickly, subangular to rounded 
grains of a white pyroxene, probably malacolite, many of which are 
partially converted into a serpentinous mineral. In one portion of 
the slide is a structure resembling the “canal system” of Hozoon, 
and, like it, more conspicuous where the calcareous mineral is less 
distinctly crystallized. For the reason above given, I merely note 
this fact. 


Lyneous Locks. 
71 (Traligill Burn, p. 409). This specimen has a ground-mass of 
rather microcrystalline felspar, plagioclase (so far as we can see in its 
present condition) predominating in which occurs a considerable 
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quantity of hornblende. This occurs in fair-sized crystals, with well- 
defined external form and cleavage, in small elongated prisms and 
belonites, and in fibrous groups associated with aserpentinous mineral. 
One or two of the first variety show zonal structure or enclose portions 
of the matrix. ‘The rock may be called a hornblendic porphyrite. 

72 (17 mile east of Altnagalagach, p. 409). This is a most perplex- 
ing rock. In the slide a fair quantity of black mica is at once re- 
cognized, and a number of subtranslucent sap-brown garnets, the 
larger (being the less regularly formed) including flakes of mica &c. 
I refer some colourless crystals to apatite. The ground of the slide 
appears to consist partly of a felspar in patches of a most irregular 
form (with, perhaps, a little quartz), and a mineral which occurs in 
rather wavy bunches, like tufts of long thread or of rootlets, or a kind 
of “‘canal system.” It seems to have replaced the felspar, and may 
be one of the fibrolite group. 

82 (Balloch) consists of a plagioclastic felspar much decomposed, 
and of a green hornblende intercrystallized with quartz or in clus- 
tered microliths. It may be a diorite; but it has been so messed 
by crushing &c., that it is impossible to be sure. If metamorphic, 
it belongs to the Hebridean series. 

109 (Half-mile N.W. Kinloch Ailsh, p. 409) consists mainly of fel- 
spar associated with a little quartz, hornblende, sphene, and iron per- 
oxide. The nature of the felspar is obscured by a kind of micro- 
graphitic structure, or root-like intergrowth of quartz. I think I 
recognize microcline. If igneous, the rock is a kind of syenite; but 
in its present condition it is difficult to be sure. If not igneous, 
it belongs to the Hebridean series. 


Discussion. ; 


The PresrpEent said that the district about Loch Assynt had 
always appeared to him to be very difficult ; but it was impossible 
not to admire the pains spent by Dr. Callaway on his paper. 

Mr. Hupisron said that the author’s work evidently was very 
careful and conscientious. He had himself examined the Assynt 
country during part of last summer. In the “ Assynt series ” of the 
author, the sequence was fairly clear. The Torridon Sandstone and 
Ben-More grit, each inits own district, formed the base; then came 
the quartzite, the intermediate group, and finally the dolomite. He 
thought that there was no “upper quartzite,” but that the appearance 
of it was due to repetition. What had produced that repetition? 
It was probably the Logan rock. Under that term he included the 
great gneissoid series with local injections which had figured as the 
“igneous” rock of former authors. In the mountains of Upper 
Assynt this formed the core round which the quartzites &c. were 
folded in great winding sheets. He was not quite prepared at pre- 
sent to accept the absolute identity of the Logan rock with the 
Hebridean gneiss; there were important petrological differences, re- 
cognized by men like Nicol and Heddle. The Logan rock attamed 
an elevation of 2500 feet on the south-east flank of Coniveall ; so 
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that the section exhibited by the author appeared correct in its 
general principles, the quartzo-dolomites forming a sort of veneer 
on the front and summit of the mountain. As regards the Dalbeg 
marbles, these were very singular rocks, mixtures of granular calcite 
with a pyroxene (?) mineral, whose magnesia was partly in a state 
of serpentine. He should like to know the relations of the author’s 
Caledonian series with the Hebridean. Dr. Callaway’s results cor- 
roborated in the main the stratigraphical views of the late Prof. 
Nicol as to much of the Assynt country. Nicol was understood to 
have admitted that some of his work in the north-west might not 
be strictly accurate ; but he predicted that the ultimate explanation 
would take all by surprise. 

Mr. Torry asked if Professor Bonney would give his opinion as 
to the nature of the Logan Rock and of the Dalbeg marble. 

Prof. Bonney said that he had only seen the so-called Logan Rock 
_ in one locality in the field, viz. in Glen Logan, near Loch Maree. 

There in some parts it no doubt had a considerable resemblance to 
a coarsely crystalline igneous rock; still both macroscopically and 
microscopically it corresponded better with a granitoid metamor- 
phic rock. In some parts it was certainly a gneiss; almost every- 
where it bore marks of great crushing. Some of the dark schists 
(probably the serpentinous rocks of some authors) proved to be 
nothing but the Hebridean gneiss crushed near faults. It was cer- 
tainly not an intrusive rock in Glen Logan. The specimens which 
he had received from other regions, sent to him by Dr. Hicks, 
Dr. Callaway, and others, were similar in their nature, Hebridean 
gneissic rock more or less crushed. If there was igneous rock in the 
‘** Logan Rock” it was only local. As regarded the Dalbeg marble, he 
had not worked much upon it, because he knew that Dr. Heddle 
had been for some time engaged in studying it. He would merely 
say that it consisted of crystalline calcite (with, perhaps, dolomite) 
and a whitish pyroxene (malacolite) partially replaced by a serpen- 
tinous mineral. Here and there it showed a structure very like 
Eozoon. He thought from the general appearance of this rock that 
it would be found to be distinctly of Archean age. 

Prof. LapwortH said that he had for some years been of opinion 
that in the Highlands we must expect to find the same phenomena 
as in the great mountain-ranges on the continent. He had con- 
sequently listened with great pleasure to the paper, the more so as 
he was personally ignorant of the Assynt district; but Dr. Calla- 
way’s interpretation of the structure of that area coincided with 
what he had himself worked out in the Erriboll district. Here, 
however, the difficulties were far less than appeared to be the case 
in the Assynt district. He then pointed to some sections and a map 
of the Erriboll area, which he had brought with him, showing the 
Erriboll limestone generally occupying the centre of a synclinal 
fold, and underlain by a series of flags and quartzites identical with 
those recognized by Dr. Callaway in Assynt, and repeated again and 
again in reflexed folds. There was generally a great overfold and 
fault, which threw the Sutherland series irregularly onto the quart- 
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zite, the flags, or the limestone; but here and there the quartzite 
rested in position upon the Arnaboll rock. The latter thus ap- 
peared to occupy the stratigraphical place of the upper part of the 
Hebridean ; and as other sections showed it to be followed at once by 
the typical Hope schists without the intervention of the quartzite, 
the Erriboll sections appeared to support Dr. Callaway’s view, that 
the whole of the Sutherland series was Archean. 

Dr. Hicks expected to hear some one rise to defend the views 
maintained by the Geological Survey. The main results announced 
by Dr. Callaway agreed very well with those at which he himself 
had arrrived in the district further south. The most remarkable 
thing in the Survey theory was that the more highly you ascended 
in the succession the more altered the beds became. He was 
extremely glad to find that the previous speakers, after caretul 
consideration, had arrived, like himself, at views which seemed so 
much more natural, and that they agreed that the eastern gneiss was 
not of Silurian but of Archean age. 

Dr. Cattaway, in reply to Mr. Hudleston, stated that the Culedo- 
nian was certainly distinct from the Hebridean, since in Glen Coul 
it rested upon the latter with a discordant strike. He had at first - 
been disposed to think that the Arnaboll gneiss was Hebridean, as 
held by Prof. Lapworth; but he had been led to abandon that view, 
because between the Arnaboll gneiss and the overlying Hope series 
there was (1) conformity of dip and strike, (2) an unbroken pas- 
sage, and (3) a lithological gradation; whereas in Assynt, where 
the younger gneiss rested upon the Hebridean, there was a com- 
plete discordance. He held, however, that if it should be found 
necessary to revert to his original opinion, the case against the 
old view would not be weakened, since, on that hypothesis, the 
Assynt series would be made to dip conformably below both Hebri- 
dean and Caledonian, which was absurd; and since there was no 
break between the two gneisses, it was obvious that the Assynt 
rocks could not pass between them. 
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23. Fosstz Cartostomatous Bryozoa from Muppy Creex, VicroRia, 
gc. By Arraur Wm. Warers, Esq., F.G.S. (Read May 9, 


1883.) 
[Puate XII. ] 


Tux fossils to be described were collected by Mr. J. Bracebridge 
Wilson, of Geelong, who obtained them from Muddy Creek, 
Hamilton; Bird Rock, near Geelong; and Waurn Ponds,—all from 
the formation which has been called in Australia ‘“‘ Miocene.” 

As I had already described Australian Bryozoa from beds of the 
same age, I undertook the examination of these when Mr. Wilson 
so kindly sent them to me; and perhaps it would have been better 
for science if I had not so readily done so, but if a careful observer 
like Mr. Wilson, who is near the localities, had himself undertaken 
the description of the collection. 

They were sent to me for description with the request that the 
collection should afterwards be handed over to the Museum of the 
Geological Society ; and I am sure I am only expressing the general 
feeling of the Fellows when I say that the Society is much indebted 
to Mr. Wilson for presenting them with collections upon which he 
had already spent much labour. 

Perhaps the most interesting forms are the Catenicelle, a genus 
which Mr. Wilson was the first to point out occurred fossil (Journ. 
Micr. Soc. of Victoria, vol. i. p. 60, 1880), giving descriptions of 
12 species. Shortly after this I described and figured a few species 
which I found in the material from Curdies Creek (Quart. Journ. 
Geol. Soc. vol. xxxvii. p. 309). 

In order to understand the fossil Catenicelle, which are repre- 
sented by 13 species, it became necessary to examine as many cal- 
cined and also decalcified species as were available; and while any 
examination of merely dried specimens cannot supply the place of 
the study of living animals, or even of spirit-specimens, yet it 
has brought out several points which are worthy of further investi- 
gation. Among others it has shown that as soon as the operculum 
is removed there is great difficulty in studying the oral aperture, as 
there is often a notch at the proximal edge, which 
simulates the sinus of such genera as Schizoporella. Hier Yk, 

It also seems that this notch is sometimes replaced 
by a suboral pore. OC. rufa, MacGillivray, fur- 
nishes a good example of this (fig. 1); for we find, upon 
separating the operculum, that both the distal 
and proximal edges are curved upwards, thus 
giving the operculum a crescentic shape, without 
any indication of the position of the notch. Thus 
a portion of the aperture is not closed by the 
operculum; and here, unless I am mistaken in 
the appearance, the aperture must be divided into two parts :— 
2H 2 
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first, towards the distal end, the zoccial oral aperture, which is 
closed by the operculum; and secondly, below it (proximally) an 
opening leading to a space between an upper and lower membrane 
on the front of the zoccium. To this I'refer more fully when 
dealing with C. alata and C. ampla, pp. 428, 429. 

Since my last contribution was published, a paper has appeared 
from the pen of Dr. Jules Jullien*, which should be examined by 
paleontologists, as it deals with what are now understood as Mem- 
branipore, a group which it has long been felt must be divided up. 
One division of this was very largely represented in the Chalk ; and 
although we must not be misled into concluding that there were as 
many species as the almost endless names of d’Orbigny would lead 
us to suppose, yet a considerable number of species, in different — 
modes of growth, existed then. The most characteristic are those 
with a thick calcareous expansion, which was covered, when living, 
with a membrane in which was the opercular opening. The open- 
ing of this calcareous expansion Dr. Jullien proposes to call the 
“ opesia,” aterm which will be useful, as aperture has been used with 
various significations. In all my recent papers I have always 
spoken of the orifice closed by the operculum as the oral aperture, 
a term which I find it most convenient to retain; and aperture I 
have in this paper used alone in cases in which it is not quite clear 
what we are dealing with; and, in examining fossils, we shall 
sometimes find ourselves in this unfortunate position when we have 
only small fragments to deal with, though probably, when there is 
sufficient well-preserved material, we shall be able to decipher the 
structure. This will be the case with such genera as Micropora and 
Sieganoporella. A very large proportion of the group with the 
well-marked opesia have also large avicularian cells interspersed 
among the zocecia, and Dr. Jullien proposes to call the group Ony- 
chocellidz in consequence. 

There is no doubt that the shape of the avicularium in such cases 
is a most useful character; but I do not think that its presence or 
absence can be made even a specific character, though it was made 
a generic one by d’Orbigny. 

As supporting this, we may point out how important the shape 
of the zocecial avicularium has been in specific determination of 
Cellaria; yet we often find large colonies without a single avicu- 
larium ; and of the common Cellaria cellulosa I have had large quan- 
tities through my hands in which, after calcining, I fuiled to detect 
a single zocecial avicularium ; at other times I have only found a few 
here and there; on other occasions we may be more fortunate, and 
find them abundant. So also with Membranipora angulosa, Rss., which 
is living in the Mediterranean : sometimes the zocecial avicularia are 
very abundant; other pieces I have found with few, and some with 
none at all. In the same way I have found chalk-fossils of this 
group, some with and some without, but yet in mode of growth and 
in every other respect similar. The genus Nellia was described as 


-* “Nouvelle Division des Bryozaires Cheilcstomiens,” Bull. Soc. Zool. 1881. 
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without avicularia; but since the genus was named by Mr. Busk, I 
have found a fossil from Australia with them. 

We are yet a long way from fully understanding the avicularian 
organs; but as they are so important in paleontological classifica- 
tion, we may be allowed to examine their function ; and Membrant- 
pora angulosa, a living form, also found fossil, and allied to a large 
number of cretaceous fossils supposed to be extinct, furnishes the 
opportunity of doing so. If we remove the avicularian cover (ony- 
chocellairey and examine the membrane which it usually protects 
and covers, we find first of all a small corneous triradiate mark. 
This serves for the attachment of muscles, which quickly draw the 
the membrane down when touched; but further, near this there is 
a small disk with a distinct mark in the centre, and this at once 
reminds us of the rosette-plates of many of the Chilostomatous and 
Ctenostomatous Bryozoa. This, I take it, is the tactile organ of 
Mr. Busk (“ Avicularian and Vibr. Organs of the Polyzoa,” Quart. 
Journ. Micr. Science, No. vi. 1854), and to this the endosarc is 
attached, and this most important structure of the Bryozoon is thus 
brought into contact with the exterior. It is well known that the 
avicularia often retain their power of movement when no living 
polypides fill the cells; but it seems that in this way the colonial 
life can be maintained. 

I have never been able to accept the theory of the prehensile 
function of the avicularia ; and in the case of Membranipora angulosa 
it seems almost as difficult to attribute such a function to them as 
when we find minute avicularia on the dorsal surface of Retepora. 

If Dr. Jullien had made one comprehensive genus, Onychocella, I 
should have accepted it; but I believe that the eight genera created by 
him cannot be distinguished, since, in the first place, the shape of the 
boundary is variable, and, in the second place, the shape of the 
opesia can scarcely be considered of generic value. I therefore call 
all the species Membranipora, although feeling that there should be 
a separation of those with a considerable calcareous expansion*. 

In the same way the genera Selenaria and Lunulites cannot be 
looked upon as more than provisional, and will have to be broken 
up; for Lunulites incisa hasSchizoporellan characters, while Selenaria 
maculata has the calcareous expansion and opesial opening of such 
Membranipore as M. angulosa. 

A large number of the slides were broken? on the journey; but 
in the majority of cases, from the boxes in which they were found, 
there was no doubt as to their origin, though, unfortunately, I am not 


* Smittipora I should consider to be Mécropora, and not closely allied to such 
a form as M. angulosa. ; 

t I have already (‘Dry Mounts for the Microscope,” Journ. Roy. Micr. 
Soe. ser. ii. vol. i. pt. i. p. 188, 1881) called attention to the danger of zine var- 
nish becoming brittle, so that the mount and ring readily spring from the 
glass or wood when exposed to the shaking of a railway journey. Ialso pointed 
out the unadvisability of using metal rings, and would strongly urge naturalists 
sending slides a long distance to use gold-size and india-rubber rings on glass 
slips where practicable. I feel convinced that slides mounted in this way would 
have stood the journey better than those Mr. Wilson sent over. 
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quite sure as to the locality of a few specimens, and therefore give the 
two places from which they may have come. These are:— 


from Batesford Viaduct or Muddy Creek, 


Cellepora granum. | Smittia turrita, Sm. 


fossa, Hasw. Microporella violacea, var. fissa. 
albicans, Hincks. 


and from Muddy Creek or Bird Rock, 


Schizoporella submersa, Waters. 
Porina coronata, [ss. 
Cellaria angustiloba, Busk, 


Mucronella mucronata, Sm. 
Microporella violacea, var. fissa. 
coscinopora, var. armata. 


The collection consists of 62 species, of which 28 are now known 
living, and 18 of these are found fossil for the first time. But no 
doubt many of those as yet only known fossil will sometime be dis- 
covered living; for we must remember that although so much has 
lately been added to our knowledge of recent species by such workers 
as Hincks, MacGillivray, Haswell, &c., there yet remains much to be 
done, and our knowledge of the Australian recent fauna is very im- 
perfect. This brings the number of Australian fossil Chilostoma- 
tous Bryozoa that I have discussed up to 155. To the indication 
of the age of the deposits I shall have to return when I have my 
communication on the Cyclostomatous Bryozoa ready. 

Three species in the present collection are believed to be identical 
with fossils from the European Chalk. 
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1. CATENICELLA CRIBRIFORMIS, Waters. 


Catenicella cribriformis, Waters, Foss. Chil. Bry. from 8.W. Vic- 
toria, p. 317, pl. xvi. fig. 39. 
Loc. Fossil: 8.W. Victoria and Bird Rock. 


2. CATENICELLA ALATA, Thoms. Plate XIi. figs. 15, 16. 


Catenicella alata, W. Thomson, “ On new Genera and Species of 
Polyzoa,” Zool. Bot. Assoc. Dublin, 1859, p. 80, pl. vi. fig. 4. 

Catenicella alata, Waters, Foss. Chil. Bry. from 8.W. Victoria, 
p. 317, pl. xvi. figs. 47, 48, 49; Chil. Bry. from Mt. Gambier, 

. 260. 

: Catenicella alata, MacGillivray, Nat. Hist. Vict. decade iii. p. 21, 
Dl. XXiy, Sey 

As this seems in many respects to be a very typical Catenzcella, 
we may use it for distinguishing the various parts of the Catenicelle. 
I propose to call the bead containing only one zocecium a globulus ; 


Diagram of globulus of Catenicella. a, distal tubular connexion; 6, supra- 
avicularian compartment; c¢, infraavicularian compartment; d, pedal com- 
partment; av, avicularian compartment; ¢, cribriform area; 0, aperture: 
F, zocecial sac. 


those with two zocecia I call a biglobulus. In a globulus there are 
at the side three compartments, which in the living state are 
covered with amembrane. The compartment above the avicularium 
I call the supraavicularian compartment; that below, the infra- 
avicularian compartment; and the lower one, the pedal compartment. 
This pedal compartment I consider the equivalent of the vitte in 
such species as C. elegans &c. In C. alata the supraavicularian 
compartment is very variable, sometimes rising into a prominent 
spinous process; in others there is no spinous projection. The other 
two compartments are not so variable, and are usually of moderate 
size; but until the amount of variation in recent species has been 
carefully studied, it will be very difficult for paleontologists to de- 
termine the Catenicelle. As the shape of fig. 15 varies so much 
from fig. 16, [have had some hesitation in uniting it with C. alata; 
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but as I have come across many intermediate stages, and find all 
the characters of C. alata present, I think it must be looked upon 
as identical, though, perhaps, coming from a different part of the 
colony. 

In the recent C. ventricosa the spinous process is very variable in 
the same colony, sometimes being very large and sometimes entirely 
wanting; and this is also the case in C. taurina. 

The aperture is 0:07-0:08 mm. wide. 

Loc. Living: Bass’s Straits (Harv.), Port Fairy (Dawson), 
Queenscliff (MacGillivray), Tasmania (W.). Fossil: “S.W. Vic- 
toria,” Mt. Gambier, Muddy Creek, Bird Rock, Waurn Ponds. 


3. CATENICELLA ampLA, Waters. 


Catenicella ampla, Waters, Foss. Chil. Bry. from 8.W. Victoria, 
p- 317, pl. xvi. figs. 46, 50, and Chil. Bry. from Mt. Gambier, 
p. 259, 

This speeies may be taken as the type of a group of Catenicella, 
which at first sight appears.to vary a good deal from the type de- 
scribed when we spoke of C. alata, p. 428; but when calcined 
and decalcified specimens of recent forms are examined, we then 
find that, although the relative proportions of the different parts 
vary, yet all the same structures are present. Among recent forms 
Catenicella ponderosa, Goldstein, will perhaps furnish the best ex- 
ample ; for upon examining decalcified preparations, the supraayvicu- 
larian compartment, although very small, can easily be distinguished ; 
on the other hand, the avicularian chamber, instead of being tubular, 
is very large. 


Fig. 3. 


Letters as fig. 2. pl, protecting plate. 


In this group we find a structure which has not yet been de- 
seribed ; that is, a calcareous oval plate on the front of the zocecium, 
and which can be seen through the fenestre, extending half across 
them. This structure will be made clear by a reference to the dia- 
gram, fig. 3, and to fig. 6, Pl. XIT., of the recent C. ponderosa, Goldst., 
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which is drawn in order to explain it. When such species are 
decalcified, the oval border of this plate is still distinguishable, 
and we can also trace a similar oval boundary in other species 
where there is no calcareous plate. This is the case in C. margari- 
tacea : but perhaps this species gives us a clue; for an oval border of 
about the same size as that of C’. ponderosa is clearly seen, and here, 
from the examination of decalcified specimens, there seems to be a 
chamber of which the boundary is indicated by the oval line, and 
the notch of the aperture does not represent a sinus, but apparently 
is an opening into this chamber. I hope that those who have the 
opportunity of obtaining living specimens will examine this point. 

As in so many genera of Bryozoa there is an avicularium or pore 
below the oral aperture, may we not look upon the typical Bryozoa 
as having a suboral chamber sometimes closed with an ayicularian 
cover, sometimes without, and with the opening sometimes closed 
up to the oral aperture? and may not even the adventitious tubules 
of Diastopora obelia aud also of some fossil Bryozoa have the same 
origin ? 

To the specific description I have to add an avicularium opening 
laterally, at about the height of the top of the aperture, and an oval 
protecting calcareous plate on the ventral side of the zocecium below 
the fenestrae, which are thereby half closed. 


4, CATENICELLA ELEGANS, var. BUSKII. 


Catenicella elegans, Busk, var. Buski (Thoms.), Waters, Bry. 
from 8.W. Victoria, p. 317, pl. xvi. figs. 42, 43. 


5, CATENICELLA sOLIDA, Waters. 
Catenicella solida, Waters, loc. cit. p. 318, pl. xvi. figs. 37, 38. 


6. CATENICELLA INTERNODIA, Waters. 


Catenicella internodia, Waters, Bry. from 8.W. Victoria, p. 318, 
pl. xviz ties 78, 79: 

In specimens from Muddy Creek, Waurn Ponds, and Bird Rock, 
the avicularia are rather larger than in the one I figured from 8.W. 
Victoria. There is also a contraction near the lower part of the 
oral aperture on each side. 


CATENICELLA INTERNODIA, Var. ANGUSTATA. 


From Bird Rock there are two very interesting specimens, which 
in the shape and size of the zoarium are similar to other specimens of 
CO. internodia; but on the dorsal surface, instead of the “irregular 
oval depression,” there is a long and broad vitta near the outer 
border, about the size of that of C. elegans, thus showing that the 
physiological signification of the vitta dnd broad depression is iden- 
tical. The front surface is not quite so well preserved, and is more 
difficult to decipher; but here also the oval depressions have be- 
come narrower, and are, in fact, replaced by narrow vitte, and the 
central band is replaced by a smooth surface. 

It is possible that some may have questioned whether I was 
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justified in placing -C. internodia among the Catenicelle ; but I think 
that it will be granted that the present variety shows without any 
doubt that it was correctly placed. 


7. CATENICELLA HARVEYI, W. Thomson. Plate XII. fig. 5. 


Catanicella Harveyi, Wyville Thomson, ‘‘On new Genera and 
Species of Polyzoa,” Zool. Bot. Assoc. Dublin, 1859, vol. i. p. 81, 
pl. vi. figs. 1, 2. 

The avicularia in this species are somewhat variable. In most 
cases they are of moderate size at the side, while in some they are 
found on raised tubular projections, as figured (5); in others there 
are two fairly large avicularia directed laterally, and not raised. 
In one specimen there is on one side an enormous avicularium 
almost as large as the zocecium. Aperture 0:12 millim. wide. The 
proximal edge of the aperture is straight. 

Thomson, in his description, says that “the cell-walls are very 
evidently formed of two membranes, which remain distinct.” 

Loc. Living: Bass’s Straits (Th.). Fossil: Waurn Ponds, Bird 
Rock, Muddy Creek. 


8. CATENICELLA VENTRICOSA, Busk. 


Catenicella ventricosa, Busk, Cat. Mar. Pol. p. 7, pl. ii. figs. 1, 2, 
pl. i. figs. 1-5. 

Catenicella ventricosa, MacGillivray, Nat. Hist. Victoria, decade iil. 
prlspl xxiv. fie. 3. 


The specimen from Bird Rock has hardly any lateral process, and 
has the avicularian opening more gaping than in recent species. 
However, some recent specimens in my possession have notsuch marked 
lateral processes as are usually figured. Busk’s figure seems to show 
that the upper pore sometimes forms a notch; but none of my 
specimens show more than a faint trace of one. 

Loc. Living: Bass’s Straits, 45 fathoms (B.), Victoria (MacG.), 
Tasmania (4. W. W. coll.), Van Diemen’s Land (Harv.), Port 
Fairy (Dawson). Fossil: Bird Rock. 


9. CATENICELLA HASTATA, Busk.» 


Catenicella hastata, Busk, Cat. Mar. Pol. p. 7, pl. u. figs. 3, 4; 
MacGillivray, Nat. Hist. of Victoria, decade iii. p. 19, pl. xxiv. fig. 4. 

I have specimens of C. hastata from Victoria sent to me marked 
C. compressa, and also a specimen so named without further indi- 
cation than Australia, which, upon examination, turns out to be 
hastata. The fossil does not seem to differ from the recent form in 
size or in any other respect. 

Loc. Living: Bass’s Straits, 45 fathoms, New Zealand (B.), Victoria, 
frequent (MacG.). Fossil: Bird Rock and Waurn Ponds. 


10. CATENICELLA TAURINA, Busk. 
Catenicella tawrina, Busk, Cat. Mar. Poly. p. 12, pl. xi. 
There is one biglobulus from Bird Rock which is not very well 
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preserved. The surface is smooth, and on each side, a little lower 
than the aperture, there is a small oval opening. The oral aperture 
is rounded above, and on each side near the base there is a minute 
denticle. 

In a recent specimen from Natal the lower cells are attached to 
the ground by a bundle of tubular fibres, of which several are 
attached to each globulus. The bundle is naturally thickest in the 
lowest part. The lower cells have all well-marked avicularia, 
usually one on each side, but no “spines ” (of Busk); while in the 
upper cells the avicularia are rarer, and a spine on each side is well 
developed. In the upper cells, with two well-developed spines, I 
do not find any avicularia. As I have elsewhere remarked, it is 
very important that the globuli from various parts of a colony 
should be compared. 
= Loc. Living: Algoa Bay (Busk), Natal (A. W.). Fossil: Bird 

ock. 


11. CaTENICELLA LHVIGATA, sp. nov. Plate XII. fig. 1 


This has very few characters on which to make a species, and in 
its simplicity differs from most of the Catenicelle, The shape of 
the globulus is cuneiform, surface coarsely punctate. The zocecia are 
almost tubular, and are nearly parallel on each side of the axis. 
The aperture is circular at the distal end with a rounded notch on 
the proximal; but whether this is an oral sinus or only simulates 
one in the way mentioned on page 423, I am as yet unable to say. 
Dorsal and anterior surface smooth. Oral aperture 0:04 millim. 
wide. This will probably be the smallest apenbHts of any Chilo- 
stomatous Bryozoon yet described. 

From Bird Rock. 


12. CaTENICELLA LONGICOLLIs, sp. nov. Plate XII. figs. 2, 3, 4. 


Globulus cuneate, surface smooth, with a large avicularium at 
each upper corner ; opening of avicularium turned rather more to- 
wards the dorsal surface than the ventral; mandibular opening narrow, 
curved, with the mandible directed upwards. An oval vitta marked 
with transverse lines, just below the aperture, also a very minute 
vitta on each side near the base. Aperture nearly circular, with a 
broad wide notch below. Dorsal surface smooth, rounded, raised 
to the centre of the zocecilum. The tubular connexion from one 
globulus to another very long, in some cases about half as long as a 
zoarium. Closely allied to C. geminata, Thoms. Oral aperture 0-06 
millim. wide. 

Loc. Fossil: Bird Rock, Muddy Creek, and Waurn Ponds. 


13. CATENICELLA CIRCUMCINCTA, Sp. nov. 


Globulus ovate, with a row of large foramina round the margin of 
the zocecium, and one pore below the aperture. Aperture large, 
rounded hare. widest at the proximal edge, which is straight. 
Oral aperture 0-08 millim. wide and 0-08 millim. long. 


—->. 
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This only differs from Catenicella pulchella, Maplestone* (after- 
wards described by MacGillivray f as Catenicella concinna), in having 
a large pore below the aperture instead of a notch in the aperture. 
But we often find the suboral pore close up to the aperture; and I 
believe that we shall find that the notch is represented by this 
suboral pore; I therefore had much hesitation in giving a new 
name, which I anticipate will not be permanent. 

Loc. Fossil: Muddy Creek, Bird Rock, and Waurn Ponds. 


14. CELLARIA MALVINENSIS, Busk. 
15. CELLARIA OVICELLosA, Stol. 


16. CELLARIA ANGUSTILOBA, Busk. 


Melicerita angustiloba, Busk, Quart. Journ. Geol. Soc. vol. xvi. p. 261. 

Cellaria angustiloba, Waters, Foss. Chil. Bry. from Mt. Gambier, 
Q. J. G.8. vol. xxxvii. p. 260, pl. ix. figs. 28, 29, 30. 

Loc. Fossil: Mount Gambier (Woods & Wat.), Orakei Bay (Stol.), 


Bairnsdale (W.), Muddy Creek, and second specimen from Muddy 
Creek or Bird Rock. 


17. CELLARIA PERAMPLA, Waters. 
Cellaria perampla, W aters, Foss. Chil. Bry. from Mt. Gambier, p. 260. 
Loc. Mount Gambier, Waurn Ponds. 


18. Canpa Fossitis, Waters. 
19. ScRUPOCELLARIA SCABRA, Van Beneden. 


20. MEmMBRANIPORA MACROSTOMA, Rss. 
For synonyms see ‘§.W. Victoria,” p. 323. 


This is closely allied to Membranipora roborata, Hincks; but the 
zoecia of I. macrostoma are twice the size of those of VM. roborata. 


21. MremBRanrpora RoBORATA, Hincks. 


Membranipora robsrata, Hincks, Gen. Hist. of Mar. Poly., Ann. 
& Mag. Nat. Hist. ser. 5, vol. viil. p. 69, pl. 11. fig. 3. 

The fossil fragment from Waurn Ponds is very small and occurs 
with only one layer, or, as we may say, in the Hemeschara form; 
and a recent specimen in my possession from New Zealand, which 
was sent me by Miss EH. C. Jelly as MW. roborata, has also only one 
layer, and, like the fossil, only one avicularium above the zocecium, 
not two, as described by Mr. Hincks. In the recent WM. roborata a 
radicle tube from the base of each external zocecium unites with 
those of the neighbouring zocecia to form “the thickened rib along 
the margin,” as described by Mr. Hincks. Jn the fossil there are 
four zocecia in a longitudinal row. Opesia 0°18 millim. long. 

Loc. Living in bilaminate condition off Curtis Island (H.); in uni- 
laminate condition, New Zealand. Fossil: Waurn Ponds. 

* “New Species of Polyzoa,” Journ. Micr. Soc. of Victoria, vol. i. nos. 2, 3, 
p- 64, pl. v. fig. 4. 
Tt “On some new Species of Catenicella,’ Roy. Soc. Vict. 1880. 
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22. MEMBRANIPORA LUSORIA, var. coARcTATA. Plate XII. fig. 20. 


Membranipora lusoria, Waters, Foss. Chil. Bry. from 8.W. Vic- 
toria, p. 324, pl. xiv. fig. 14, pl. xvii. fig. 82. 

The specimen from Waurn Ponds has two large bosses nearly 
meeting across the opesia (aperture). 

The figure is by an accident drawn slightly too large. 

This is allied to Cellaria cactiforms, d’Orb. (Pal. Fr. pl. 651. 
figs. 1-4). 

Loc. Fossil: Waurn Ponds. 


23. MeMBRANIPORA ARTICULATA, Waters. 


Membranipora articulata, Waters, Foss. Chil. Bry. from Mt. Gam- 
bier, p. 264, pl. vil. figs. Lb, 16. 


24, MemBRANnrpora ocuLata, Busk, Plate XII. fig. 22. 


Nellia oculata, Busk, Cat. Mar. Pol. p. 18, pl. Ixiv. fig. 6, pl. Ixv. 
fig. 4. 

”"Nellia oculata, Smitt, Floridan Bryozoa, p. 3, pl.i. figs. 58, 54. 

Nellia oculata, MacGillivray, Nat. Hist. Vict. decade v. p. 51, 
pl. 49. fig. 5 

Tn the fossil the avicularia are larger and more raised than in 
any recent specimen which I have seen, and there are four spines 
above the aperture of each zocecium, on which account it should 
perhaps be called var. spinosa. Length of opesia 0°15 millim, 

Loc. Living: Torres Straits, 9 fathoms (B.); Bass’s Straits (L’homs.) ; 
Florida, 13- 138 fathoms (Sm.) ; Queenscliff, parasitic on alge and 
zoophytes (MacG.); Holborn Island, Queensland (Haswell) ; Cape 
Grenville, N.E. Australia, 20 fathoms (4. W. W. coll.); Piper 
Islands, 9 fathoms (A. W. W. coll.). Fossil: Waurn Ponds. 


25. MeMBRANIPORA ARETHUSA, dOrb. Plate XII. fig. 19. 


Eschara arethusa, @’Orb. Pal. Frang. p. 127, pl. 666. figs. 4—6. 
Eschara actea, d’Orb. loc. cit. p. 116, pl. 662. fig. 17. 
Eschara allica, d’Orb. loc. cit. p. 125, pl. 665. figs. 8, 10. 


The specimen from Muddy Creek has 12 longitudinal rows of 
zocecia in a compressed branch in the Hschara-form. The zocecia 
are of the same size as those in a specimen I collected from the Cre- 
taceous beds of Royan (France), and the aperture (opesia) is also 
of the same size and in a similar position; the sides of the zocecia, 
however, are somewhat straighter and not so much contracted below 
as in the Chalk specimen. In the Royan specimen there is a 
zocecial avicularrum (onychocellaire), while I do not find one in 
the Australian fossil. 

This is also allied to Semieschara disparilis, d’Orb., and many 
other species described by d’Orbigny. 

Width of the opesia 0°16 millim., length of opesia 0°25 millim. 

Loc. Cretaceous of France. Muddy Creek. 


~ 
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26. MicropoRA ORDINATA, Sp. nov. 


Zoarium in Eschara-form (flat piece about 3 inch square). Zocecia 
flat, separated by a wide margin, depressed, especially at the distal 
end, oblong, arched above, with few large granulations and few pores. 
Oral aperture close up to the distal end, rounded above, straight 
below, with a raised lip. It would seem to be a Micropora and not 
a Steganoporella, but the two genera are difficult to distinguish in the 
fossil state. This seems to be somewhat similar to Eschara verrucosa, 
T. Woods (non Peach), “On some Tert. Austral. Polyzoa,” Tr. Roy. 
Soc. N. 8S. W. 1876, p. 2, fig. viii. ; but it differs in not having the 
aperture about the middle of the zocecium as figured, and also in the 
bsence of marginal pores. Aperture 0°3 millim. wide. 

Loc. Waurn Ponds. 


27. MicRopora CAVATA, Sp. Nov. 


Zoarium in Hschara-form foliaceous. Zocecia hexagonal, the 
area round the aperture very much depressed. The aperture is 
about a third of the length of a zocecium from the distal end, semi- 
circular, with avery distinct lip directed vertically upwards, streng- 
thened at each end by a thickening. Above the aperture the cell- 
wall is often much thickened, forming a hood to the aperture. Width 
of aperture 0°25 millim. 

Loc. Waurn Ponds. 


28. MoNnopoRELLA SEXANGULARIS, Goldf. 


Eschara sexangularis, Hagenow, Maestrichter Kreide, p. 81, pl. x. 
figs. 3, 4, 5. 

Eschara Clarke, T. Woods, ‘“‘ On some Tertiary Australian Poly- 
zoa,” Tr. Roy. Soc. N. 8. Wales, 1876, p. 2, figs. iv.—vii. 

This seems to be the same species as one I have from Maestricht 
which I have called sewangularis, though with a little doubt, as I can- 
not find any zoccial avicularia. The zoccia from Bird Rock are 
slightly larger than those from Maestricht ; but the aperture is of the 
same size. Ido not understand what Mr. Woods means by “ pore 
for the avicularium upon the summit,” as there is nothing of the 
_ kind in my specimens and he does not show it in his figures. This 
would seem to be allied to Semzeschara disparilis, d’Orb. (Pal. Fr. 
pl. 709. figs. 9-12). 

In a specimen from Bird Rock a small mdentation on each side of 
the base of the aperture shows us that we are dealing with the oral 
aperture and not with an opesial opening; and it is therefore placed 
with Monoporella. Aperture 0°37 millim. wide. 

Loc. Muddy Creek (Woods, and Wilson’s coll.). Bird Rock and 
Waurn Ponds. 


29. MonoporELLA CRASSATINA, Waters. 
Monoporella crassatina, Waters, On Foss. Chil. Bry. from Mt. 
Gambier, Quart. Journ. Geol. Soc. vol. xxxviii. p. 270, pl. vii. fig. 8. 
Loc. Mt. Gambier (W.), Napier, New Zealand (in Miss Jelly’s 
collection as recent Tertiary). Waurn Ponds. 
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30. STEGANOPORELLA MAGNILABRIS, Busk. 


31. MEMBRANIPORELLA NITIDA, Johnst. 


Membraniporella nitida, Hincks, Brit. Mar. Pol. p.200, pl. xxvii. 
figs. 1-8. 

Lepralia eximia, Seguenza, Le Form. Terz., R. Accad. dei Lincei, 
anno CCLXxviI. 1880, p. 203, pl. xiv. fig. 23. 

In the fossil from Waurn Ponds the zocecia are inclined to be 
hexagonal. The mesial line of the zocecium is carinate, with about 
9 ribs on each side. Width of the oral aperture 0:14 millim. 

This 1s elosely allied to Plhiophlea sagena, Gabb & Horn, from 
the Cretaceous of New Jersey. 

Loc. Living: Britain, Northern Seas, Roscoft, New Zealand 
(Hutton) ; Capri from 225 fathoms (4. W. W. coll.). Fossil: Zan- 
elean of Calabria (Seg.), Waurn Ponds. 


32. CRIBRILINA TERMINATA, Waters. Plate XII. fig. 17. 


Cribrilina terminata, Waters, Bry. from S8.W. Victoria, p. 326, 
pl. xvii. fig. 68, and Chil. Bry. from Bairnsdale, p. 507, pl. xxii. 
fig. 6. 

In one specimen from Muddy Creek there are several large zoce- 
cial avicularia directed downwards. By the side of one zocecium 
there are also narrow, almost acicular avicularia directed laterally. 

Loc. Fossil: S.W. Victoria, Bairnsdale and Muddy Creek. 


33. CRIBRILINA TUBULIFERA, Hincks. 

Oribilina tubulifera, Hincks, ‘“‘ Gen. Hist. Mar. Polyz.,” Ann. 
& Mag. Nat. Hist. ser. 5, vol. viii. p. 56, pl. 1. fig. 7 (1881). 

The fossil has an aperture 0°12 millim. wide, grows incrusting 


shells, and seems to be distinct from my C. suggerens. 
Loc. Living: Bass’s Straits (H.). Fossil: Muddy Creek. 


34, MucroneLLA MUCRONATA, Sm. 


35. MicropormLLA VIOLACEA, Johnst., var. rissa, Hincks. 
Microporella violacea, var. fissa, Waters, Bry. from S.W. Vict. 

p. 329, pl xy. fie) 26, pl. xvii die: 7a: 

36, MicRoPoRELLA ELEVATA, T. Woods. 


37. MiIcROPORELLA YARRAENSIS, Waters. 


38. MicroporELLA coscrnopora, Rss., var. ARMATA, Waters, loc. cit. 
p. 331, pl. xv. fig. 25. 


39. MicRoPoRELLA SYMMETRICA, Waters. 

Microporella symmetrica, Waters, Foss. Chil. Bry. from 8.W. 
Victoria, p. 332, pl. xviii. fig. 83. 

From Muddy Creek there are several pieces of straight compressed 
branches about 1°5 millim. broad. In one case there is a large 
avicularium directed upwards at the side of the zoarium. 
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40. MicroporELita mALusi, Aud. 


Only two zocecia from Bird Rock. 
Loc. Living : European Seas, 8. America, New Zealand, Australia. 
Fossil: English Crag and Pliocene of Italy. 


41. MicrRopoRELLA cELLULOSA, MacG., form ADEONA. 


Dictyopora cellulosa, MacGillivray, Trans. Roy. Soc. Vict. 1868. 

Adeona cellulosa, Kirchenpauer, ‘‘ Ueber die Bryozoen-Gattung 
Adeona,” Journ. Mus. Godeffroy, 1879, p. 10. 

Dictyopora cellulosa, MacGillivray, Nat. Hist. Vict. decade v 
p. 37, pl. 47. fig. 1, & decade vii. pl. Ixvi. fig. Le. 

From the examination of some recent specimens, I am convinced 
that we should place this with Muzcroporella. Although I was 
unable to prepare out any opercula, yet sections showed me that 
the proximal edge of the oral aperture was straight, and there are 
two contractions near the base of this aperture. The oral aperture 
is at a slight distance from the surface, and what has been described 
as a round aperture is really a peristome. 

In recent specimens of WM. cellulosa and albida the suboral pore is 
round; but in the fossil, though most pores seem to be round, yet 
there are a few slightly elongated and denticulated. The interior 
of the shell is hollowed out round the region of the oral pore. 

M. cellulosa is closely related to M. violacea, var. fissa, a species 
which shows great variation both in the size of the avicularium and 
of the elevation of the front of the cell. In small pieces, such as 
the fossils in question, it is very difficult to distinguish between V. 
cellulosa, M. grisea, and M. albida. 

In M. albida, form Adeona, there are large zoccial avicularia 
near the borders of the fenestre, which have the same form as the 
smaller avicularia on the front of the zocecium ; and we may ask if 
this is not a case of the avicularium having enormously developed 
at the expense of the polypide. Perhaps this may be the way 
in which many zoccial avicularia have originated. Those who 
dredge these species should examine to see whether the frequency 
of these large avicularia depends upon any special condition, such as 
depth or the nature of the sea-bed. 

Loc. Living: Queenscliff. Fossil: Muddy Creek. 


42, Portna coronata, Rss. 


This occurs from Muddy Creek in what I call the 6 form (Bry. 
S.W. Vict. p. 334) and from Bird Rock in the ¢ form. 


43. LepraLia PERTUSA, Esper. 
44, PorELLA MARsUPIUM, MacG. 

Lepralia marsupium, MacG. Trans. Roy. Soe. Vict. 1868, and 
Nat. Hist. of Victoria, decade iv. p. 22, pl. 35. fig. 4. 

Porella marsupium, Hincks, Contr. towards Gen. Hist. of Mar. 
Pol., Ann. & Mag. Nat. Hist. Aug. 1881, pl. i. fig. 6. 

Porella marsupium, MacGillivray, “Descriptions of new or little- 
known Polyzoa, pt. 11.,” Tr. Roy. Soc. Vict., 1882, extra page. 

®. J. 6G. 8;: Nov 15, Qt 
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Mr. Ridley, in his description of a zoological collection from the 
Straits of Magellan, describes a species as Schizoporella marsupium, 
MacG.; but this Mr. MacGillivray has since called S. Ridleyz. 

Width of oral aperture of the fossil 0-07 millim. 

Loc. Living: Victoria (MacG.); Bass’s Straits (H.). Fossil 
Waurn Ponds. 


45. Suirria Tarri, T. Woods. 
46. Surrrra RETICULATA, MacG. 


47. Surrtra Napreri, nov. Plate XII. fig. 14. 


Zoarium incrusting. Zocecia small, ovate, with very slight peri- 
stome, large punctures round the edge; oral aperture nearly flat on 
the lower edge; an opening (probably avicularian) just below the 
aperture almost into the peristome. Large acute avicularia, di- 
rected outwards, placed nearly halfway down the zoccia. Ovicell 
raised, globose. 

I have a specimen, fossil, sent me by Miss Jelly, from “ recent 
Tertiary,” Napier, New Zealand, and as it is better preserved than 
the one from Waurn Ponds, I have figured it. 

Loc. Fossil: Napier, New Zealand; Waurn Ponds. 


48, Suirrra cottaRts, Norm., var. Plate XII. fig. 10. 


Thavealways found the greatest difficulty in distinguishing between 
Phylactella and Smittia, and have already expressed my doubts as 
to the advisability of using the shape of the peristome as a generic 
character ; and the present form, which is closely allied to, if not 
identical with, Phylactella collaris, Norm., has decided me to only . 
use the name Smitiia for what are looked upon as belonging to 
these two genera. 

The peristome is variable, and is thicker and higher at both sides, 
thus forming a depression in its proximal part; the distal part 
of the peristome is also separated, and rises in a tongue-shaped 
form. 

The peristome of a recent species, which I collected in Rapallo, 
N. Italy, and which I consider the same as Leprala obeliscus, Manz., 
and also perhaps as L. Gotriana, Rss., has a similar tongue-shaped 
distal portion. The surface of the fossil is granular. Aperture 
0-17 millim. wide. 

Occasionally the peristome is entire, when there is little difference 
from that of the British P. collaris; the peristome rising on each 
side reminds us of Phylactella eximia, Hincks; but in P. collaris 
the sides are sometimes raised above the rest of the peristome. 

Loc. Fossil: Waurn Ponds and Waurn Quarry. 


49, Smirrra TuRRITA, Sm. 

Lepralia turrita, Smitt, Floridan Bryozoa, p. 65, pl. xi. figs. 226— 
228. 

The specimen, which was collected either from Batesford or from 
Muddy Creek, is in the Cellepora forma, the zoarium consisting of 
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‘many layers, and the zoccia are heaped together and irregularly 
disposed. There are usually only two “stout marginal spines,” 
not four as described by Smitt in the specimen from Florida, and in 
the Australian fossil these are very irregularly placed. ‘The oral 
aperture is nearly round, and of the same size as in the Floridan 
specimen, viz. 0°15 millim. wide. 

In the aperture there are three denticles, similar to those in 
Smittia reticulata, and therefore I unite it with that genus, though 
not without much doubt as to where it should be placed. 

Loc. Living: Florida, 26—44 fath. 


50. ScHIZOPORELLA AUSTRALIS, T. Woods. 


Tetraplaria australis, T. Woods, Tr. Roy. Soc. N. 8. Wales, 1878, 
p. 5. fig. 4. 

Schizoporella australis, Waters, Bry. from 8.W. Victoria, p. 341, 
pl. xiv. fig. 15. 

A specimen from Bird Rock has fine granulations and fine pores, 
as described in my former paper, p. 341. 

Loc. Muddy Creek (Woods); 8.W. Victoria (A. W.); Bird Rock. 


51. ScHIzoPoRELLA scHizostoma, MacG. 


‘ Lepralia schizostoma, MacGillivray, Nat. Hist. Vict. deca deiv. 
p. 33, pl. 38. fig. 6. 

The zocecia are small, ovate, with a small oral aperture and large 
globose ovicell. Immediately below the oral aperture there is an 
avicularian prominence, which is not described by MacGillivray, 
but is figured about the centre of the front of the zocecium. Width 
of oral aperture 0-05 millim. 

Loc. Living: Williamstown and Queenscliff. Fossil: Waurn 
Pond Quarry, Suffolk Crag (A. W. W. coll.). 


52. ScHIZOPORELLA SUBMERSA, Waters. 
Schizoporella submersa, Waters, Bry. S.W. Vict. p. 340, pl. xviii. 


fig. 5. 
Fossil : Curdies Creek (W.), Muddy Creek. 


53. RETEPORA MARSUPIATA, var. MucRoNATA. Plate XII. fig. 13, 21. 


This differs from most specimens of R. marsupiata in having a very 
large oval avicularium below the aperture; but we see in Smitt’s 
fig. 248 (Floridan Bry.) that there is sometimes such an avicula- 
rium ; above this the peristome rises into a mucro. The opening 
on the front of the ovicell is wide, pointed above and rounded below. 
The dorsal surface is divided into nearly equal areas by an irregular 
line running down the middle, from which lines branch off; at the 
base of each dorsal division there is a narrow avicularium directed 
diagonally downwards (see fig. 36, pl. xv. Bry. fr. 8.W. Vict.). 

Loc. Fossil: Muddy Creek. 


54, Rerepora Branrana, King. 


Retepora Beaniana, King, Ann. Nat. Hist. vol. xvii. 1846, p. 237 ; 
212 
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Hincks, Brit. Mar. Polyzoa, p. 391, pl. lui. figs. 1-5. (See Hincks 
for synonyms.) 
In the fossil from Muddy Creek the central zocecia have a rounded 
avicularium, directed downwards, within the aperture; but the outer 
zocecia have a subspatulate avicularium directed laterally. 

It is somewhat doubtful if the species described by Stoliczka is 
really R. Beanana. 

Loc. Fossil: Muddy Creek and English Crag. 


55. CELLEPORA Fossa, Haswell. 
06, CELLEPORA ALBICANS, Hincks. 


57. CELLEPORA GRANUM, var. Plate XII. fig. 18. 


Cellepora granwm, Hincks, Gen. Hist. of Mar. Polyzoa, p. 68, pl. i. 
fig. 8; Ann. & Mag. Nat. Hist. Aug. 1881. 


The fossil varies in having the peristome closed in, which thus © 
forms an elongate tube. In Cellepora Costazw, Aud., from the 
Mediterranean, a similar variation is found; for occasionally the 
peristome is entirely closed. 

Loc. Fossil: Batesford or Muddy Creek. 


58. SeLenaRiA PunctatTA, T. Woods. 


Selenaria punctata, T. Woods, ‘‘ On some Recent and Fossil Spe- 
cies of Selenariade,” Trans. Phil. Soc. Adelaide, 1879, p. 9, pl. ii. 
fig. 8. 

The large pores below the aperture are denticulated, as are also 
the rosette plates. The vibracular areas are broken ; but they are | 
so similar in character to those of Selenarza maculata that I should 
expect that in perfect specimens they will be found covered with a 
cribriform calcareous expansion. Aperture 0°21 millim. wide. 

This species is very closely allied to Caleschara denticulata, MacG. 
(Nat. Hist. Victoria, decade v. p. 45, pl. xlviii. fig. 8). 

Loc. Living: Cape Three Points, Australia (Woods), 71 fath. 
Fossil: Muddy Creek. 


59. Sevenarra MacuLata, Busk. Plate XII. figs. 7, 9, 12. 
Selenaria maculata, Busk, Cat. Mar. Pol. p. 101, pl. exvii. 


The shape of the opesia in the fossil is slightly different from 
that of recent specimens in my possession from Holborn Island; and 
I therefore give figures of both for comparison. In the fossil the 
zocecia and aperture are somewhat wider than in the recent specimens, 
and the lip is nearly as broad as the opesia, whereas in the recent 
specimens this lip is narrow and almost spicular. Some authorities 
may think that on this account the fossil ought to be called a va- 
riety ; others perhaps would attach specific value to this difference. 

The way in which the Selenariade begin to grow is a subject 
worthy of complete investigation; but in the meantime the few 
specimens in my possession throw some light upon it. The fossil 
has grown upon a small stone, probably crystalline; and upon 
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breaking up recent specimens I found, placed as a nucleus, either a 
grain of sand or a minute Foraminifer, as shown semidiagramma- 
tically in fig. 12. The first cells are much smaller than the later 
ones and yery shallow ; and the calcareous growth of the Selenaria 
will completely surround the grain of sand &ce. 

I have Cupularia stellata, B., living, from near Capri, which there 
grows upon small shells and stones, and sometimes only covers 
the shell ; in other cases, where the stone or shell is small, it spreads 
over and grows free, thus assuming the form of the Selenariade. 
We thus see that at the commencement the mode of growth of 
the group is truly Membraniporidan. 

In Cupularia umbellata from the Antwerp Crag, and also from 
the Pliocene of N. Italy, I have found a nuclear grain of sand upon 
which the colony has grown. 

Stoliczka, when speaking of Lunulites latdorfensis, says (Olig. Bry. 
von Latdorf, p. 94) that the point of attachment is at the top, and 
points out that this is curious, as it is usually below; but surely 
the fact must be that the upper part has been broken away, and the 
shell upon which the young colony has grown is thus exposed. 

In my paper on Bryozoa from 8.W. Victoria, page 345, I sug- 
gested that it was perhaps by an error of the lithographer that 
Mr. Woods’s figures of the Selenariade were drawn upside down ; but 
as they have been figured and described thus by a large number of 
our leading authorities, it is as well to point out that the distal end 
of the zocecium must of course always be that which is nearest the 
growing end of the colony ; and this we are always able to decide by 
means of the operculum, as the hinged end will be the proximal, 
while the free end is the distal or upper end. 

I would ask a question which only those who dredge in Australia 
can auswer. It is whether, since such a form as Seélenaria macu- 
lata grows upon a grain of sand, we do not thus, by its presence, 
obtain an indication as to the sea-bottom of the locality where it 
grows ? . 

Selenaria alata, T. Woods, seems very closely allied to this. 
Width of opesia, at the widest part, 0°19 millim.; in the middle 
0-13 millim. ‘The width of the opercular aperture in a recent spe- 
cimen is 0°12 millim. 

Loc. Living: Bass’s Strait (B.); Holborn Island (Haswell). 
Fossil: Muddy Creek, Bird Rock. 


60. SELENARIA PARVICELLA, T. V/oods. 


Selenaria parvicella, T. Woods, “ On some Recent and Fossil 
Species of Australian Selenariade,” Trans. Phil. Soc. Adelaide, 1880, 
p. LO, pl. u. fie. 10. 


The specimen from Bird Rock is but badly preserved. A calca- 
reous expansion, sloping inwards, about half covers the front of the 
zocecium. ‘The opesia is thus nearly semicircular. Average width 
of opesia 0°19 millim. 

Loc. Fossil: Muddy Creek (Woods), Bird Rock. 
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61. Lunvunires marta, sp. nov. Plate XII. fig. 8. 


Zoarium subconical, small, 1 millim. in diameter. Zocecia oval, 
surface granulated, concave, separated by a raised border. Aperture 
rounded above, with a real or apparent sinus below. A few conical 
cells, with three large pores between the zoccia and at the edge of 
the zoarium. Base of zoarium showing each zocecium raised and 
radiating from the centre. 

Loc. Waurn Ponds. 


62. Lunuiires PeTALorpEs, d’Orb. Plate XII. fig. 11, a, 6, c. 


Lunulites petaloides, d’Orb. Pal. Frang. p. 353, pl. 705. figs. 6, 9. 

Lunulites androsaces (of Allioni), Manzoni, Bri. Phioe. AL cont. 
la, p. 12, pl. ii. fig. 18, and Bri. Foss. del. Mioc. d’Aust. ed 
Uneh. p- 25 (723), pl. xwii. eg 

Innulites distans, Gabb & Horn, Monogr. Foss. Pol. of Second. 
and Tert. Form. of N. Amer., Ac. Nat. Sc. Philad. vol. v. pt. ii. p. 119, 
pl. xix. fig. 4. . 

Oligotresium vicksburgensis, Gabb & Horn, loc. cit. p. 139, pl. xix. 
fig. 22. 

Innulites cupola, T. Woods, ‘On some Recent and Fossil Species 
of Selenariade,” Trans. Phil. Soc. Adelaide, 1880, p. 8, pl. 1. fig. 5a, c. 

Zoarium conical. Zocecia oval to hexagonal, area depressed, 
slightly raised round the aperture, surface granular. Aperture 
(oral or opesial) straight below, rounded above. Vibracula usually 
forming a row between the radial zocecia, but sometimes fewer, and 
irregularly spread over the zoarium ; opening of vibracula elongate, 
with a process projecting from each side, which are sometimes equal, 
but in other cases the projection on the left is much larger and toothed. 
Central zocecia smaller, frequently closed with a granular calcareous 
mass. This commences inside the distal end of the aperture, and is 
subtriangular, hanging down inside the aperture like the human 
tonsil in the throat. It becomes gradually wider until the whole 
aperture is closed. 

In one specimen the vibracula are placed quite regularly in radial 
rows ; in two others, in which both zocecia and vibracula are rather 
larger, there are fewer vibracula, and these are not regularly 
placed. 

This is a species which lived through the Cretaceous, Miocene, 
and Pliocene; and it and its allies were widely distributed in 
Cretaceous and Miocene times. The list of synonyms ought to be 
very large; but as the description, in some cases, leaves it doubtful, 
I only mention, as belonging to the group, if not to this species :— 
Inmulites Goldfussi, Hag.; L. Hagenowi, Bosq.; L. quadrata, Rss. ; 
L. hemisphericus, Rom.; L.microporus, Rom.; Discoescharites ma- 
millatus, Rom.; L. latdorfensis, Stol.; L. conicus, Busk; L. apertus, 
T.Woods ; L. exiqguus,T. Woods ; L. Bourgeoisiz, d’Orb.; L. regularis, 
d’Orb., L. cretaceus, Defr. If a new species is to be made each time 
that the shape of the zoarium varies, we can then make an enormous 
number of species of Lunulites: and for those who are fond of 


Quart. Journ.Geol. Soc .Vol. XXXIX.. PLAT. 
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making genera, I would call attention to amethod which Messrs. Gabb 
and Horn have unconsciously hit upon, as upon one plate the 
same species is figured right way up and upside down, thus giving 
two good genera. 

I am not sure that this ought to be separated from S. marginata, 


Woods. 


Hig. 1. 


EXPLANATION OF PLATE XII. 
Catenicella levigata, sp. nov., X 25. 


3, 4. longicollis, sp. nov., X 25. 


— Harvey, Thoms., x 25. 
ponderosa, Goldst., recent, showing the protecting plate, x 25. 


. Selenaria maculata, Busk, fossil, x 25. 


initia, sp. nov., X 25, 
maculata, Busk, recent, X 25. 


. Smittia collaris, var., X 25. 
. Lunulites petaloides. Apertures of central zocecia, closed by subsequent 


growth, x 89. 


2. Selenaria maculata, Busk. Diagrammatic, showing grain of sand on 


which it grew. 


. Retepora marsupiata, Sm. Dorsal surface. 

. Smuttia Napierit, sp. nov., X 25. 

, 16. Catenicella alata, Thoms., x 25. 

. Cribrilina terminata, Waters, X 25. 

. Cellepora granum, Hincks, var., X 25. 

. Membranipora arethusa, @Orb., xX 25. 

. —— lusoria, var. coarctata, X 25. 

. Retepora marsupiata, Sm, X 25. / 
. Membraniporg oculata, Busk, X 295. 
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24. On the Basatt-Guass (Tacuytyte) of the WESTERN Isis of 
Scortanp. By Prof. Joun W. Jupp, F.R.S., Sec. G.S., and 
GRENVILLE A. J. Cotz, Esq., F.G.S. (Read May 23, 1883.) 


[Puatzes XIII. & XIV. 


In a previous paper * it has been pointed out that the Tertiary vol- 
canic rocks of the Western Isles of Scotland offer beautiful examples 
of materials of every variety of composition, from the most acid to 
the most basic, and of every type of structure, from the holocrystal- 
line to the vitreous. The detailed description of these varieties of 
volcanic rocks was reserved for a future occasion ; and in the present 
paper we propose to give the first of such a series of descriptions. 
As the more acid vitreous rocks have during recent years been dis- 
cussed in considerable detail in numerous papers read before this 
Society, it may not be inappropriate to direct attention to the rare 
but equally interesting glasses of basic composition, which have, up 
to the present time, received far less notice in this place. The 
studies on which this paper is based have been carried on in the 
Geological Laboratory of the Normal School of Science and Royal 
School of Mines. 


1. History of Previous Opinion on the Subject. 


By the older writers on petrography rocks of the kind of which 
we now treat appear to have been classed as “ pitchstones.” Jame- 
son and the other followers of Werner, who endeavoured to intro- 
duce the precision of nomenclature and the exact methods of their 
master into the study of British rocks—though they recognized these 
materials, not as minerals but as rocks—do not seem to have dis- 
cerned the difference between the acid and basic varieties. Mac- 
culloch, who may be justly regarded as the father of British petro- 
graphy, as early as 1819 pointed out that, though basalt occasionally 
passes into glass, yet examples of such a transition are exceedingly 
rarey. He particularly records two such cases in the Western 
Isles of Scotland. One of these instances of a transition from 
basalt into “ pitchstone ” is given as occurring in the Isle of Lamlash 
(Holy Isle), near Arran, and is illustrated by a detailed description 
and drawing {. The other example is at Garbsbeinn, in Skye; but 
the specimen described was not found 7m sitw§. 

In 1827 Sedgwick and Murchison found a basalt dyke at the 
Beal near Portree, in Skye, the sides of which are seen passing into 


* Quart. Journ. Geol. Soc. vol. xxx. p. 233. 
t Western Islands of Scotland, vol. i. -p. 402. 
{ Ibid. vol, ii. p. 437. 

§ Ibid. vol. i. p. 402. 
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“ pitchstone;” and the fact is recorded by the latter author in the 
” Transactions of the Geological Society*. 

In 1829 Bouét + referred to the two cases of basalt passing into . 
glass already fescrieh by Macculloch; and it was probably on 
specimens carried to Paris by Boué that Delesse made the interest- 
ing observations to which we shall refer in the sequel. 

On the Continent, the first clear recognition of the distinction 
between the basic and acid glasses appears to be due to Breithaupt 
in 1826. Klaprothf, it is true, had as long ago as 1807 described 

a “black fossil” from Guiliana in. Sicily as “slagey augite ;” and 
this substance is now generally regarded as belonging to the class 
of basalt-glass ; but to Breithaupt § we owe the precise indication 
of those characters by which the basic glasses are distinguished from 
similar materials of different composition. Breithaupt regarded the 
substance which he obtained from the Sasebuhl between Gottingen 
and Dransfeld as anew mineral species, and indicated its distinctive 
properties with great precision. He proposed for it the name of 
“ tachylyte,” signifying the rapidity with which it undergoes fusion || 
before the blowpipe. It is worthy of remark that the author of the 
species and his followers on the Continent down to quite recent 
times regarded the substances of this class as minerals and not as 
rocks. 

In 1840 Gmelin § described a somewhat similar substance from 
the Vogelsgebirge (probably from Bobenhausen); and in 1841 
Klipstein ** gave more precise information concerning the mode of 
occurrence of this material. In 1844 Hausmann Tr gave a new 
description of the substance from the Sasebihl, accompanied by an 
analysis by Schnedermann ; and he connects with it a tachylyte- 
like ‘“ fossil” from the Wetter au, which Gmelintt, four years before, 
had analyzed and referred to augite. In 1847 Hausmann$§ sepa- 
rated the Bobenhausen material from tachylyte as another mineral 
species under the name of “hyalomelane,” though the grounds of 
this division do not very clearly appear. 


* Trans. Geol. Soc. vol. ii. p. 359. The veins of Carsaig in Mull, with which 
the Beal dyke is erroneously compared, are formed ofa black pitchstone which is 
of acid composition, containing 68 per cent. of silica. A similar comparison 
is made by Lyell and Murchison, Edin. Phil. Journ., July 1829. 

tT Essai géologique sur 1|’Ecosse, p. 284. 

+ Beitrage zur chemischen Kenntniss der Mineralkorper, vol. iv. p. 190. 

§ Kastner’s Archiv fiir die gesammte Naturlehre, vol. vii. p. 112 (1826). 

|| A great amount of confusion has taken place with respect to this name 
“tachylyte.” It has been frequently written ‘‘tachylite,” “ tachylith,” and 
even ‘‘trachalite.” Naumann and others state that the rock is so called from 
the ease with which it is decomposed by acids. A reference to Breithaupt’s 
original memoir shows that the spelling and origin of the name are as stated 
in the text. The name ‘ bottleite,”’ said by Kinahan to have been locally given 
to it, does not appear to have come into any general use. 

q ’Poggendorff’s Annalen, vol. xlix. p. 233. 

** Neues Jahrbuch fiir Min. &c. 1841, p. 696. 

tt Studien d. géttingischen Vereins bergmann, Freunde, vol. v. p. 91. 

tt Neues Jahrbuch fir Min. &c. 1840, p. 549. 

§§ Handbuch der Mineralogie, zweiter Theil, vol. i. p. 545. 
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In 1853 Sartorius von Waltershausen * described similar sub- 
stances from Iceland under the name of “ sideromelane,” noticing 
-that they formed the anhydrous kernels of a material identical with 
his ‘* palagonite.” 

In 1868 Petersen + described a glassy variety of the nepheline- 
basalt of the Rossberg, to which he gave the name of ‘ hydro- 
tachylyte.” 

Zirkel, Vogelsang, Méhl, Boricky, Sandberger, and others describe 
different varieties of basalt-glass under the name of “ tachylyte” 
(often misspelt “tachylite”); and by this same designation the 
Scottish examples were referred to by one of us in 1875 in the 
paper already cited. Mr. Rutley, in 1877, applied the same name to 
a similar rock from County Down, Ireland. 

But in 1872 Prof. Rosenbuscht argued in favour of restricting 
Breithaupt’s name of tachylyte to those varieties which are easily 
decomposed by hydrochloric acid, and of giving Hausmann’s name 
of hyalomelane to such as are only partially or not at all decom- 
posed by the same agent; and this suggestion was adopted by 
Cohen§, Mohl||, and other writers. 

In 1877, however, Prof. Rosenbusch §[ gave up the distinction 
altogether, having apparently become impressed by the difficulty and 
uncertainty of the test of solubility in acid as applied to rocks. He 
was, moreover, influenced in this by the fact that, following the 
system already adopted by Mohl and Zirkel, he now classified these 
glassy products not as mineral species, but as rocks—the vitreous 
form of basalt. 

Penck**, in 1879, argued with much force in favour of adopting 
the same course; and the distinction between tachylyte and hyalo- 
melane, as well as their inclusion among mineral species, may now 
be regarded as being by universal consent abandoned. Various 
names have been proposed by different authors for substances of the 
class, such as “ glassy basalt,” “vitreous basalt,” ‘‘basalt-vitrophyre,” 
“ basalt-glass,” and “ basalt-obsidian.” 

In his most recently published classification of rocksf?, in 1882, 
Prof. Rosenbusch recognizes only two divisions among the anhydrous 
basic glasses—basalt-glass (including tachylyte, hyalomelane, side- 
romelane, and slagey augite), and hydrotachylyte or nepheline- 
basalt-elass. 


2. Distribution and Mode of Occurrence. 


Basalt-glass, though a widely distributed rock, is one which can- 
not be considered as by any means of common occurrence. It does 


* Uber die vulkanischen Gesteine in Sicilien und Island, p. 202. 

t Neues Jahrbuch fir Min, &c. 1869, p. 32. 

+ Neues Jahrbuch fiir Min. &c., 1872, p. 148. 

§ Ibid. 1876, p. 746. 

|| Zusammenstellung und Beschreibung einer Sammlung typischer Basalte. 

€" Mikroskopische Physiographie, vol. 11. p. 445. i 

** Zeitschrift der deutschen geologischen Gesellschaft, vol. xxxi. pp. 521, 
568, &e. 

tt Neues Jahrbuch fir Min. &c. 1882, vol. ii. p. 16., 
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not appear to constitute great rock-masses, but is usually found as a 
local variation of certain types of dolerite and basalt. An excep- 
tion to this rule exists in the case of the well-known glassy lavas of - 
Hawaii; but this exception we shall discuss in the sequel. 

The most general mode of occurrence of basalt-glass is as a sel- 
vage (Saalband) to basaltic dykes; and this is the only condition 
under which we have found it to occur in the Western Isles of 
Scotland. Under similar circumstances it has been observed in Ice- 
land*, Bohemiay, and many other districts. 

Other modes of the occurrence of basalt-glass which have been 
recorded are as follows :—Lyell and Murchison found the basaltic 
lava of Thueyts in the Vivarais, where flowing over gneiss, to be 
coated on its under surface with a band of glassy materialt. Many 
authors have described the surfaces of lavas and ejected blocks as 
covered with a glassy crust. Zirkel notices that the lava-stalactites 
in a cave in a basaltic lava-stream in Iceland have a surface-film of 
basalt-glass$ ; and a similar film is stated to surround the air-cavities 
in a basalt of Hellegrund, near Miinden||. At Bobenhausen in the 
Vogelsgebirge and elsewhere basalt-glass is recorded as occurring in 
basalt in nests from the size of a walnut to that of a child’s head]. 
Sartorius von Waltershausen and others have described kernels of 
basalt-glass (sideromelane) as being abundant in the basaltic tuffs of 
Iceland, Sicily, and other districts; and in these cases the outside 
portions of the kernels are often found to graduate into palagonite**, 
Some authors, indeed, regard all palagonite as the result of the hydra- 
tion and alteration of particles of basalt-glass. 

From a discussion of all the known occurrences of basalt-glass, 
Mohl ty? has argued that it has in every case been formed by the 
rapid cooling of portions of basaltic lava. 

Besides the two localities at which basalt-glass has been already 
noticed in the Western Isles of Scotland, we have only succeeded in 
finding it at three other points, namely Sorne Point and Gribun in 
the Isle of Mull and Screpidale in the Isle of Raasay. The condi- 
tions under which the rock occurs at these five known localities are 
as follows :— 

At the Beal, near Portree, in the Isle of Skye, a basaltic dyke 
has glassy selvages about two inches thick. Murchison, it is true, 
gives the width as four inches; but we have never found it exceeding 
the amount stated. This is by far the most striking occurrence of 
‘basalt-glass with which we are acquainted. Its vitreous character 


* Zirkel, Lehrbuch der Petrographie, vol. ii. p. 303. 

Tt Boricky, Sitzungsberichte der k. boluaiteltin | Gesellschaft der Wissenchaften 
in Prag, 1873, p. 8; “also Petrogr. Studien an den Basaltgesteimen Bohmens, 
p- 182. 

{ Edinburgh New Philosophical Journal, April to October, 1829, p. 29. 

§ Lehrbuch der Petrographie, vol. ii. p. 304. 

| Ibid. 

{| Neues Jahrb. fiir Min. &c. 1841, p. 696. 

-** Sartorius v. Waltershausen, ‘ Ueber die vulkanischen Gesteine in Sicilien 
und Island,’ 1853, p. 202. 

tt Die Gesteine der Sababurg in Hessen (Cassel, 1871). 
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gradually diminishes as we trace it towards the interior of the dyke, 
the glassy rock merging insensibly into the basalt. We shall point 
out later tue peculiar columnar and other joint-structures which are 
exhibited at this locality. 

At Lamlash (Holy Isle), Arran, the mode of occurrence has been - 
very clearly described and illustrated by Macculloch, who gives a sec- 
tion at the spot*. The glassy selvage of the dyke never exceeds one 
inch in width; it is not so perfectly vitreous as that of the Beal 
near Portree, its lustre inclining more to resinous, and it merges 
insensibly into the basalt of the body of the dyke. 

At Sorne Point, on the north-west coast-line of the Isle of Mull, a 
very vitreous selvage is found in a dyke that intersects the lava- 
streams composing the great plateau of Mishnish ; it seldom exceeds 
one fourth of an inch in width, and passes into the basalt of the 
dyke by the most insensible gradations. 

At Gribun, in the west of Mull, a dyke of basalt is seen by the 
road that leads from the village of that name to Kilfinichen, just 
where it emerges on the basalt-plateau; and the sides of this dyke 
are formed by glassy selvages never more than half an inch in 
thickness. 

Lastly, at Screpidale, in the Isle of Raasay, one of the dykes of 
basalt passing through the grand precipices of Jurassic strata has 
also glassy sides. The actually vitreous portions of this dyke, how- 
ever, are very thin indeed, forming little more than surface-films. 

The only other case which we have found in the Western Isles of 

Scotland at all comparable to these, is the occurrence of a basic glassy 
rock among the later-formed products of the volcano of Beinn Shiant 
in Ardnamurchan. Unfortunately the specimens were not found 
in situ; and their exact mode of occurrence is therefore unknown. 
Prof. Jameson t and Dr. A. Geikie t have described the occurrence 
of a “pitchstone” at Eskdale which appears to be similar in com- 
position to the rock of Beinn Shiant. Both are probably augite- 
andesite glasses. From the description given of the pitchstone of 
Eskdale it would appear as though a columnar dyke had opened 
along its central plane of weakness, where the two sets of columns 
meet, and permitted the extrusion of material which consolidated 
as a “‘ pitchstone.” 
- In the north of Ireland some of the basaltic dykes have been 
described as having vitreous selvages§. The microscopic characters 
of one of the basaltic glasses, that of Slievenalargy, co. Down, have 
been described by Mr. Rutley; and it has been analyzed by Dr. 
Haughton). 


3. Specific Gravity. 
As Delesse so long ago pointed out, the specific gravity of a rock 


* ‘Western Islands of Scotland, vol. ii. p. 487. 

t Mineralogical Description of Dumfriesshire, p. 115. 

{ Proceedings of the Royal Physical Society of Edinburgh, vol. v. p. 29. 
§ Kinahan, Geol. Mag. decade ii. p. 426. 

|| Journal of the Royal Geological Society of Ireland, vol. iv. p. 227. 
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of crystalline structure is always higher than that of a rock of the 
same chemical composition, but having a more or less vitreous or 
colloid structure. In the same way the glassy products formed by 
the fusion of crystalline rocks are always of less density than 
the rocks themselves. Delesse fused a basalt having the specific 
gravity of 2°85, and found the glass thus produced to have a 
density of 2°77. The well-known melaphyre (altered basalt) called 
Rowley Rag has a specific gravity of 2°84 according to our deter- 
minations; the black glass formed by Messrs. Chance, of Birming- 
ham, from the fusion and rapid cooling of the same, we found to 
have a density of 2°75; the same material when slowly cooled, 
yielding a product full of crystals of felspar and skeleton-crystals 
of magnetite, has a density of 2°77. 

But although the rule that the crystalline forms of rocks are 
more dense than the glassy is very generally true, there is, as 
Delesse himself pointed out *, a remarkable exception to it in the 
case of a basalt-glass of the Western Isles of Scotland. Delesse 
found that a portion of the basalt-vein of Lamlash has a density of 
2-649, while the glassy basalt forming the selvage of the dyke is 
denser, having a specific gravity of 2°714. This anomalous circum- 
stance has been confirmed by a series of careful determinations 
which Mr. Thomas Davies, acting on our suggestion, has made on a 
specimen of this dyke in the British-Museum collection. He found 
that the basalt of the dyke had a specific gravity of 2°67, the part 
of the glassy selvage adjoining and graduating into basalt had a 
specific gravity of 2°72, while nearer to the side it was 2-74, and 
on the extreme edge 2°78. 

Delesse endeavoured to explain this anomalous rise of density in 
the more vitreous portions of the rock by a slight difference of 
composition in the two parts of the mass. It is true that his 
analysis shows the basalt to contain a little less silica and rather 
.more water than the glass; but the difference is so slight as to be . 
almost within the limits of errors of analysis, and perhaps does not 
sufficiently explain this curious difference of density. The micro- 
scopic study of this rock shows that the basalt of the dyke is a 
magma-basalt, in which only incipient crystallization has taken place. 
It is possible that the basalt has suffered greater alteration than 
the more compact glass of the selvages of the dyke. 

The average density of basalt-glass may probably be taken as 
about 2:7. Von Lasaulx gives the range as from 2°51 to 2-567; 
put this is certainly below the truth. The basalt-glass (sidero- 
melane) of Iceland has, according to Sartorius von Waltershausen ae 
a specific gravity of 2°53; the “ tachylyte” of the Sasebiihl has a 
specific gravity of 2°58$; and the “slaggy augite” of Sicily, 


* Annales des Mines, vol. xiii. pp. 369, 370. 

+ Elemente der Petrographie, p. 225 (1875). 

¢ Vulkan. Gesteine in Sicilien und Island, p. 203 

§ Hausmann, ‘Neues Jabrb. fir Min.’ &c. 1844, p.70. Breithaupt (Kastner's 
Archiv fiir die gesammte Naturl. vol. viii. p. 112) gives specific gravity 2°50 to 
2°54. 
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acccording to Klaproth, of 2°67*. Mohl states that the basalt-glass 
of Sababurg has in its most vitreous condition a density of 2-68, 
and in its less vitreous of 2°76. The density of the basalt-glass 
of Bobenhausen is, according to-the same author, 2°71 +, and that 
of Ostheim 2:74§. Cohen|| records the specific gravity of six 
varieties from the Sandwich Islands, the average of which is 2:71. 

The basalt-glass of the Western Isles of Scotland appears to be 
generally distinguished by its very high specific gravity. That of 
the Beal, near Portree, is 2°72; that of Lamlash, 2°78; that of: 
Gribun, in Mull, 2°82; that of Screpidale, in Raasay, 2°84; while 
the basalt-glass of Sorne has a density of no less than 2°89. This 
difference appears to be connected with peculiarities of chemical 
composition to be hereafter noticed. 

Of somewhat analogous substances we may observe that the 
tephrite-glass of Klein Priesen has a density, according to Boricky 4, 
of 2:65, the tephrite itself giving 2-696. The augite-andesite 
glass of Beinn Shiant, Ardnamurchan, gives 2°62, and the probably 
similar rock of Eskdale 2-7 **, 


4, Other Physical Properties. 


The colour of the freshly broken surfaces of the basalt-glass of 
the Hebrides varies from velvet-black to pitch-black. The joint- 
planes and all exposed surfaces, however, are covered with a 
film of a grey or greenish-grey colour, occasionally passing into 
brown. This surface-film, which may be due either to chemical 
change or to molecular alteration of the exposed faces, appears to 
be analogous to what is seen in the pitchstones of Ponza, which, 
when freshly broken, are perfectly vitreous in appearance, but in a 
few seconds become coated with a delicate film which impairs their 
lustre +?. The beautiful iridescence seen on some surfaces of the 
basalt-glass of the Beal, in Skye, is probably due to interference 
' produced by a thin film of the same kind. 

The lustre of the rock at the extreme edge of the dykes at the 
Beal, Gribun, and Sorne is perfectly vitreous; but it graduates to 
resinous, horny, and glimmering in passing inwards into basalt. 
The lustre of the Lamlash and Screpidale basalt-glass is never more 
than resinous. 

The hardness of basalt-glass appears to be not very different 
from that of orthoclase, varying from 5:5 to 6:5. Though probably, 
as a rule, softer than obsidian, the difference is not sufficient to 
distinguish it readily from that rock. But, on the other hand, the 
hardness of basalt-glass is so much greater than that of the pala- 


* Beitrage zur chemischen Kenntniss der Mineralkorper, vol. iv. p. 190. 

t Die Gesteine der Sababurg in Hessen, (Cassel) p. 40. 

t Ibid. 

§ Ibid. 

|| Neues Jahrbuch fiir Min. &e. 1880, vol. 11. p. 41. _ 

{ Petrographische Studien an den Basaltgesteinen Bohmens, pp. 182 and 210. 
** A. Geikie, Proceedings of the Roy. Phys. Soc. of Edinburgh, vol. vy. p. 253, 
tt Geol. Mag. dec. 2, vol. ii. (1875) p. 3808. 
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-gonites and other hydrated materials of that class that it serves 
as an easy means of distinction between the altered and unaltered 
forms. 
The whole of the basalt-glasses are strikingly magnetic. The 
powder of all of them is easily attracted by the magnet, those 
of Sorne, Screpidale, and Gribun exhibiting this character in a 
specially marked degree. 

Basalt-glass is at once distinguished from vitreous substances of 
more acid composition by its easy fusibility, the product being an 
opaque black-brown or black bead. The fusibility of the varieties 
from the Western Isles appears to be little above 2 of von Kobell’s 
scale, while that of typical obsidian is no less than 4°5 of the same 
scale, the product of fusion being a white enamel. 

The basalt-glass from the Hebridean localities appears to be 
always traversed by numerous joint-planes. The most pronounced 
of these are parallel to the side of the dyke, and enable the glassy 
material to be easily separated from the basalt in thin layers. 
Besides these principal joints, there are usually one or two other 
sets at right angles to one another and to the sides of the dyke. 
Hence the surfaces of the dyke, where in contact with the rock 
which it traverses, are broken up by these joints into small rect- 
angular areas. This character is strikingly exemplified by the 
basalt-glass of the Beal. 

The same dyke also exhibits in some portions of its glassy selvage 
a remarkable columnar structure. The columns are very minute, 
often as thin as fine needles, about 12 inch in length, and some- 
times beautifully curved. Some specimens present a miniature 
reproduction of the celebrated Clam-sheli Cave in Staffa. Occa- 
sionally the columns are as much as 3 inch in diameter (Pl. XIII. 
hee): 

This finely columnar structure affords an admirable illustration 
of the fact that the diameter of the columns in a rock is in part 
dependent on the coarseness of the materials of which it is com- 
posed. While the highly crystalline rocks of the Shiant Isles and 
Ailsa Craig form columns with a diameter of 10 or 12 feet, these 
vitreous rocks exhibit columns of almost microscopic dimensions. 

Besides the rectangular and columnar jointing, a minutely 
spheroidal structure is sometimes found developed in the basalt- 
glass. Hence, under the microscope, it frequently exhibits traces 
of the well-known “ perlitic” structure. This last-mentioned fact 
has been noticed by Zirkel in the case of the basalt-glass of Maros- 
tica (Monte Glosso) in the EKuganean Halls, by Mr. Rutley in the 
‘“‘tachylyte” of Slievenalargy in the north of Ireland, and by 
Fouqué and Lévy in the lava of Graham’s Isle. 


5. Solubility m Acids. 


So much importance has been attached by some authors to this 
character, as presented by rocks of this class, that it is perhaps 
desirable to discuss in some detail the behaviour of the rocks now 
being described when subjected to the action of acid. 
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_ As we have already seen, many writers have classified the easily 
soluble forms as “ tachylytes,” and those only slightly acted on by 
acids as “‘hyalomelanes.” It says little, however, for the value of 
this distinction, that different authors have placed the same rock in 
different classes when judged by this standard. Thus Mohl’s con- 
clusions concerning the solubility of the different basalt-glasses 
appear to be very different from those of Rosenbusch and other 
writers. This solubility in acids appears to depend on so many 
conditions, such as the more or less altered condition of the speci- 
men, the fineness of the powder operated upon, the degree of con- 
centration of the acid employed, the time and temperature of 
digestion, &c., that it is not difficult to account for these striking 
discrepancies. Penck, as we have already seen, has argued with 
much force in favour of abandoning the distinction based on solu- 
bility in acids*; and in his later works Rosenbusch f himself 
appears to have entirely abandoned it. 

In order to compare the behaviour of the several rocks here de- 
scribed under the action of acids, we submitted weighed portions 
of their powder to the action of concentrated hydrochloric acid for 
a period of ten days, boiling them each day for some time. The 
basalt-glass of the Beal left a residue of 81°6 per cent.; that of 
Sorne of 70°79; that of Gribun 83°40; and that of Lamlash 
83°37 t; while the rock of Screpidale, which was even attacked by 
the cold acid, left a residue of only 57°82 per cent. In all cases 
flocculent silica was separated, but in some in much greater quan- 
tity than others. 

In order to compare these results with those given by other rocks 
of the same class, we submitted a glassy lava of Hawaii and the 
artificially fused rock of Rowley Regis to the same test. The 
former left a residue of 50-57, and the latter of 58:7. 

Treated for the same time, but with only one boiling, Mr. Grant 
Wilson § found that the Eskdale pitchstone left a residue of 83-2 
per cent. We have determined that in the apparently similar 
rock of Beinn Shiant the insoluble portion is, after daily boilings 
during the same period, 81-17 per cent. 

Krukenberg || found the proportions dissolved from different 
varieties of Hawaiian lava, which were digested in hydrochloric 
acid from ten to sixteen hours, to vary from 49 to 62 per cent. ; 
while B. Silliman, jun. 4], after similar experiments, obtained as 
the insoluble proportion from 50 to 57 per cent. Cohen **, after a 


* Zeitschrift der deutschen geologischen Gesellschaft, vol. xxxi. 1879, p. 
521, &e. 

t Mikroskopische Physiographie, vol. ii. p. 445 (1877), and Neues Jahrbuch 
fir Min. &c., 1882, vol. ii. p. 16. 

{ Delesse found that, after boiling with hydrochloric acid, the glassy rock 
of the Lamlash dyke gave a residue of 87-7 per cent., and the basaltic central 
portion of 82 per cent. 

§ Proc. Roy. Phys. Soc. of Edinburgh, vol. v. p. 253. 

|| Mikrographie der Glasbasalte von Hawaii. Tibingen: 1877, p. 3. 

“| Memoirs of the Boston Soc. of Natural History, vol. i. p. 460. 

** Neues Jahrb. fur Min. &e. 1876, p. 746. 


BASALT-GLASS OF THE WESTERN ISLES OF SCOTLAND. 453 


digestion of a specimen in concentrated hydrochloric acid for thirty 
hours, found a residue of 39°62 per cent., and, with Rosenbusch, 
classes these Hawaiian lavas as hyalomelanes. Krukenberg, how- 
ever, regards it as doubtful whether they should be placed with 
tachylyte or with hyalomelane. 

Boricky * found the tephrite-glass of Klein Priesen to be decom- 
posed partially and with difficulty by hydrochloric acid, some floccu- 
lent silica being separated. Many of the German basalt-glasses, on 
the other hand, appear to be entirely decomposed by boiling hydro- 
chloric acid, that of the Sasebthl, according to Monhl +, after two 
days’ digestion, and some even more readily than this. 

Classified according to the test of solubility in acids, the rock 
of Screpidale might perhaps be placed with the tachylytes, and 
the Beal, Sorne, and Gribun rocks with the hyalomelanes; but 
our own results, like those of Rosenbusch and Penck, tend to the 
conclusion that it is advisable to abandon altogether a distinction 
founded on such an uncertain character. 


6. Chemical Composition. 


If, as there seems reason to believe, basalt-glass is merely a 
rapidly cooled portion of a basalt-lava, we may expect the two 
rocks to have the same chemical composition. _ Delesse’s analysis of 
the dyke of Lamlash and of its vitreous selvage appears to indicate 
that this is really the case. The analyses are as follows + :— 


Basalt of Basalt-glass 


centre of side of 
of dyke. dyke 
LdIT 19) \a dele a Ae REA aire REC REEL 55°20 56°05 
JOG TUT N00 eae a rae a a aE 16°98 17-13 
Oxideroiirom wes ge Tk 11:00 10°30 
, otmanganese: 220". 42. traces. traces 
GTS GPP Fe eo Ws das) 5 6°80 6°66 
Niaeidestay 02 2h P.O. at. 22 8 0°52 1°52 
Badan Ai wee it. 3 wy 5°65 (by 3°29 
TAG Chg DO A Sea difference). } 0:98 
Water and volatile matter.... 3°85 3°50 
100-00 99°43 


The differences in these two results, judging by their character, 
are such as may be fairly supposed to fall within the limits of error 
in analysis. 

It has frequently been pointed out, however, that the average 
composition of the basalt-glasses differs from that of the basalts, 


* Petrographische Studien an den Basaltgesteinen Bohmens, p. 182. 

t Die Gesteine der Sababurg, (Cassel, 1871) p. 41. 

¢ Annales des Mines, vol. xiii. p. 369 (1851). In the analysis of the basalt- 
glass as given by Delesse, the total (99°53) does not agree with the figures of 
the column, which amount, as above, to 99°43. A misprint may have occurred 
in the column itself. 
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the former being of more acid composition than the latter. It is 
conceivable that in a dyke the crystals brought up from below may 
be made to congregate in the central part of the mass, while its 
sides contain more than their due share of the fused liquid material 
in which these crystals are entangled. In this way, since we now. 
know, from the researches of Rosenbusch and others, that the glassy 
magma of a rock is often of far more acid composition than the 
crystals imbedded in it, the selvages of some dykes may have a 
higher silica-percentage than the rock in their central portions. 
But that this is ever the case we have as yet no definite proof; and, 
as we shall now proceed to indicate, there is another and a more 
probable mode of accounting for the more acid composition of most 
basalt-glasses. 

It is a well-recognized fact that the acid rocks more readily pass 
into a glassy condition than those of basic composition. Obsidians 
or rhyolite-glasses are common and widely distributed rocks ; 
trachyte-, andesite-, and phonolite-glasses are less common; and 
basalt-glasses, as we have seen, are comparatively rare. This fact is 
probably accounted for by the circumstance, which has been recog- 
nized by chemists *, that mixtures of silicates in which silicates of 
the alkalies abound more readily assume the vitreous condition than 
those in which silicates of lime, magnesia, iron, and alumina pre- 
dominate; and the acid rocks usually contain a large proportion of 
the silicates of the alkalies. 

Now, such being the case, we might expect that among basic 
rocks, like basalts, those varieties would be more likely to assume a 
glassy condition in which the silica-percentage is high, especially if 
the proportion of the alkalies at the same time were excessive. 

A comparison of the various analyses of basalt-glass, such as 
those brought together by Mohly, Zirkelt, and others, shows this 
to be the case, the percentage of silica in these rocks being seen to 
vary from 50 to more than 56. The proportion of the alkalies is in 
most cases considerably in excess of what is commonly found in 
basalts, varying from 3 or 4 to 10 or 12 per cent. The quantity of 
water in basalt-glass appears to be small and variable ; its presence 
may probably be regarded as accidental. In this respect basalt- 
glass strikingly differs from the palagonites, which contain from 11 
to 25 per cent. of water. The rock known as hydrotachylyte, 
which is regarded by most petrographers as a nepheline-basalt 
glass, contains, it is true, nearly 13 per cent. of water, according 
to the analysis of Petersen$. Possibly, however, this rock must be 
considered to some extent a product of alteration, as was believed by 
Mohl ||. 

We may perhaps conclude that as a general rule the basalts 
which show a tendency to assume the vitreous condition are those 


s 
* Miller, Elements of Chemistry, part ii., Sth edition, p. 416 (1874). 
Tt Die Gesteine der Sababurg in Hessen, (Cassel) p. 41. 
Lehrbuch der Petrographie, vol. ii. p. 305. 
§ Neues Jahrbuch fir Min. &. 1869, p. 32. 
|| Die siidwestlichen Auslaufer des Vogelsgebirges, Theil 1, p. 21. 
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with a high percentage of silica and an unusually large proportion 
of the alkalies. 

The basalt-glass of the Beal near Portree seems to be an illustra- 
tion of this rule, as does the similar rock of Lamlash, Delesse’s 
analysis of which has been already cited. An analysis of the Beal 
rock, made in Dr. Frankland’s chemical laboratory, under the super- 
intendence of Dr. Hodgkinson, F.I.C. &c., was as follows :— 


Silica Mit ao ett e0 9d: 52°59 
Adammmnaigetod xcthi eid 4 1733 
PerricsOxidey 2: ).6.802 24 11°14 
Manganous Oxide ...... 0-66 
Tiga? BAS8R sic teases Sve. sR 6:47 
Maomesian 7 chit ies 2°62 
Dodaelies. wwe car bain 4-24 
POLAR uty, WEL Ye 2°40 
Loss on ignition ........ 3:27 

100°72 


Traces of copper and barium were also detected in this rock. 
The high percentage of silica and the large proportion of the alkalies 
are especially noteworthy in this analysis. 

But certain of the varieties of basalt-glass found in the Western 
Isles of Scotland are especially interesting to the petrographer, as 
showing that even the basalts with a low percentage of silica do 
sometimes, though rarely, pass into the vitreous condition. 

We have already pointed out that the varieties of basalt-glass of 
Gribun in Mull, Screpidale in Raasay, and Sorne in Mull, differ 
from those of the Beal in Skye and Lamlash near Arran by their 
high specific gravity. The density of the three first-named rocks 
is 2°82, 2°84, and 2°89 respectively, and that of the two last-named 
2:72 and 2°78. All the foreign basalt-glasses recorded have 
densities ranging from 2°5 to 2:7. It became therefore a matter of 
interest for us to determine whether these exceptionally dense 
basalt-glasses of the Western Isles of Scotland were not vitreous 
forms of more basic basalts than had yet been found in this con- 
dition. 

Mr. J. J. H. Teall, F.G.S., has kindly undertaken the partial 
analysis of these interesting materials; and his results are quite in 
accordance with our anticipations. Mr. Teall’s analyses show that 
the basalt-glass of Gribun in Mull contains 50°51 per cent. of silica 
and 10:05 of metallic iron, the basalt-glass of Screpidale in Raasay 
contains 46°68 per cent. of silica and 10°80 of metallic iron, and 
that of Sorne in Mull 47:46 of silica and 12°47 of iron. It is 
evident that the exceptionally high specific gravity of the last- 
mentioned rock is due to the large quantity of the oxides of iron 
which it contains. : 

The only basalt-glass which has been hitherto described with a 
composition approaching that of the Scottish rocks is the siderome- 

2K 2 


456 PROF. J. W. JUDD AND G. A. J. COLE ON THE 


lane of Iceland, which has 49 per cent. of silica. Its specific 
gravity, however, is given by Sartorius von Waltershausen* as 
2-531. This low density is the more remarkable when we find 
that the proportion of oxide of iron is above 20 per cent., and that 
there is little or no water in the rock. If this determination of the 
specific gravity be correct, it would appear that this sideromelane 
differs in a very marked manner from the ordinary basalt-olasses. 

While we have proof in these very basic glasses of Scotland that 
even basalts with a low percentage of silica sometimes assume the 
vitreous form, yet it is at the same time made evident that the 
tendency to do so diminishes as the silica-percentage declines. The 
basic glasses of Sorne, Screpidale, and Gribun form much narrower 
selvages to the dykes than the more acid ones of the Beal and 
Lamlash. 

The vitreous rock of Beinn Shiant, which contains 58-67 per 
cent. of silica, is, judging from its composition, probably like that 
of Hskdale, not a true basalt-glass, but an augite-andesite-glass. 
Similar vitreous conditions of augite-andesite have been described 
by Fouqué and Lévy 7 from Santorin, and by Cohen t from between 
New Britain and New Ireland, this latter being a pumiceous variety. 
Cohen also refers a Sandwich-Island rock, showing remarkable 
effects under polarized light due to internal strain, to the pumiceous 
condition of augite-andesite-glass §. 

In the Sandwich Islands, as we have already pointed out, we 
find a striking exception to the rule that basalt-lavas only assume 
the glassy condition locally and as the result of rapid cooling. In 
those islands the whole mass of lava-streams appears to frequently 
consist of basalt-glass. 

If the older analyses of J. C. Jackson, B. Silliman, jun., and other 
American chemists were to be relied upon, the exceptional cha- 
racters of these Sandwich-Island rocks would seem to be sufficiently 
explained by their peculiar composition. According to these 
analyses, the Hawaiian lavas contain a proportion of silica varying 
from 39 to 52 per cent.; the proportion of alumina is small, and 
that of iron very great, sometimes from 17 to 33 per cent.; while 
the percentage of the alkalies is often very high indeed, occasionally 
over 20. 

But the more recent investigations of Cohen || have suggested 
grave doubts as to the reliability of these older analyses. The 
analyses of six glassy lavas from the Sandwich Islands have given 
Cohen, Wagner, and van Werveke closely concordant results, the 
average composition of these rocks being, according to their analyses, 
as follows :— 


* Vulkan. Gesteine in Sicilien und Island, p. 203. 
+ Minéralogie Micrographique, pl. xxxv. fig. 3. 

t Neues Jahrbuch fir Min. &c. 1880, vol. ii. p. 37. 
§ Ibid. p. 38. 

|| Neues Jahrb. fiir Min. &e. 1880, vol. ii. p. 41. 
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This result is in such close agreement with the average composition 
of common or felspar basalts that we cannot hesitate to regard 
these lavas of the Sandwich Islands as referable to ‘“ basalt-glass.” 

Another very interesting discovery of Cohen’s is the fact that a 
lava of Niuafou in the Friendly Islands has a glassy structure, and 
a composition aimost identical with that of the Sandwich-Island 
layas *. While, then, basalt-glass is, on the European continent and 
in North America, confined to small and local occurrences, as the 
selyages of dykes, the small fragments thrown out of volcanic vents 
and cooled rapidly in passing through the air, &c., we have in the 
Sandwich Islands, and perhaps also in the Friendly Islands, ex- 
amples of glass of the same composition as basalt constituting the 
whole mass of lava-streams. 

The basalt-glass of the Pacific Islands differs, however, from that 
of Europe by being clear and transparent. In this respect it agrees 
with the fused Rowley Rag and similar artificial products, in which 
the iron is united with the silica, and is not separated in the form 
of magnetite, the reverse being so very commonly the case in the 
locally-developed basalt-glass of Europe. 

The lavas of the Sandwich Islands appear to be no less peculiar 
and exceptional in their behaviour during ejection. Their extreme 
fluidity permits of their being thrown into fountains 400 or 500 feet 
in height (a circumstance nowhere witnessed in the case of ordinary 
basalts), and of their being drawn out by the wind into the delicate 
threads known as Péle’s hair. 

All these facts point to the conclusion that the Hawaiian lavas 
are ejected at a much higher temperature than that at which the 
basalts of Europe and North America issued. The only mineral, 
indeed, in the Hawaiian glassy lavas which is not fused appears 
to be olivine. In-this peculiarity of their lavas the great Pacific 
volcanos present another and most interesting exceptional feature 
in addition to many which have been already pointed out. 


7. Microscopical Characters. 


The microscopical characters of many varieties of basalt-glass 
have been described by Zirkel?, Vogelsang t, Mohl§, and other 


* Neues Jahrb. fiir Min. &c. 1880, vol. ii. pp. 36 and 41. 

t+ Untersuchungen iiber die mikroskopische Zusammensetzung der Basalt- 
gesteine, p. 182. 

t Die Krystalliten, p. 111. 

§ Die Gesteine der Sababurg in Hessen, (Cassel) 1871. 
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writers. These rocks are all found to consist of a glass, usually of 
a brownish colour, but occasionally colourless or greenish, in which 
various crystallites are distributed. 

Basalt-glass, even in its most vitreous varieties, is very rarely 
clear and transparent. Usually opaque inclusions are so abundant 
as to render the rock non-translucent. In most cases it is only by 
the most careful grinding of slices of the rock that it is possible to 
obtain sections sufficiently thin to exhibit its internal structure, and 
it is necessary to employ the most powerful sub-stage illumination 
to transmit light through them at all. 

In their great opacity the natural varieties of basalt-glass differ 
very strikingly from the artificially fused basalts, such as Rowley 
Rag. These artificial glasses are clear and of a rich yellowish- 
brown colour by transmitted light; and only faint traces of a 
‘ olobulitic ” structure can be made out in them with the highest 
powers of the microscope. 

Some of the German varieties of basalt-glass, for example those 
of Bobenhausen and the Sababurg, have spaces of a similar clear 
brown glass, the crystallites being collected into skeleton crystals or 
spherulites ; but in all the British varieties we have studied such 
spaces of clear glass are rare, and all these rocks are characterized 
by their great opacity. Indeed, in the most perfect specimens of 
our natural basalt-glasses, devitrification appears to have gone so 
far as to have resulted in the separation of the whole or nearly the 
whole of the magnetite, the minute crystallites of which, scattered 
through the rock, render it perfectly opaque, even in the thinnest 
slices which it is possible to prepare. Fortunately this dust of 
magnetite is occasionally collected into nebulous masses (cumulites), 
and in the more devyitrified varieties into skeleton crystals ; in such 
cases the nature of the intervening glass spaces can be made 
out. 

The structures found in these basic glasses appear to be quite 
similar to those which have become so familiar to geologists from 
the study of obsidians, pitchstones, and the glassy varieties of the 
acid class of rocks. In some cases the crystallites and microliths 
exhibit the parallel arrangement characteristic of the banded and 
fluidal structures ; in other cases the crystallites are united to form 
various kinds of skeleton crystals, or the globular and often con- 
centric concretions known as spherulites. Sometimes the glass is 
traversed by numerous fine cracks, some of which are curved and 
concentric, giving rise to the well-known perlitic structure. Per- 
litic basalt-glass has been already described by Prof. Zirkel from 
Marostica in the Euganean Hills *, by Mr. Rutley from Slieven- 
alargy, county Down‘, and by Fouqué and Lévy from Graham’s 
Isle £. 

The basalt-glass of the Western Isles of Scotland is usually, to a 


* Zeitschr. d. deutschen geol. Gesellschaft, vol. xix. p. 776; also Rosen- 
busch, Neues Jahrb. fiir Min. &c. 1872, p. 141. 

t Journ. Roy. Geol. Soc. of Ireland, vol. iv. p. 227. 

t Comptes Rendus, 1878, March 25, 
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greater or less extent, porphyritic in structure. Basalt-lavas con- 
sist, as is well known, of a number of perfectly formed crystals of 
augite, olivine, felspar, and magnetite, entangled in a mass of un- 
erystallized material. These included crystals have probably been 
formed at great depths below the surface. After the extrusion of 
the lava, and as it slowly cools, crystals of the same minerals 
become more or less completely developed in the entangling magma. 
Careful study of such rocks, as Lévy and Fouqué have so well 
shown, enables us, in most cases, to clearly distinguish those crystals 
which have been formed at considerable depths from such as have 
separated from the magma, near or at the surface, during the 
cooling of the lava. 

The crystals formed at great depths in the earth are usually 
larger and more perfectly developed than those separating from the 
glassy magma during its cooling, and they often contain liquid- 
cavities and enclose other crystals. Moreover they are frequently 
broken and rounded at their edges, and have suffered great corrosion 
by being partially melted-up and having their substance absorbed into 
the glassy magma. This glassy magma often sends prolongations 
of its substance into such crystals, which are, indeed, sometimes 
completely honey-combed by these extensions of the glassy mass*. 

The facts described point to the conclusion that crystals formed 
under great pressure in the midst of a fused magma may, on the 
relief of that pressure, be attacked and dissolved by the magma in 
which they were originally developed. 

Many of the basalt-glasses of the Western Isles of Scotland 
furnish examples of porphyritically imbedded crystals, these being, 
in all cases, of the same kind as are found in the basalts with which 
the glasses are connected. Olivine and-magnetite are the most 
abundant of these porphyritically imbedded crystals; but augite and 
sometimes felspar also occur (Pl. XIII. fig. 2). 

The basalt-glass of the Beal, near Portree in Skye, exhibits very 
interesting examples of olivine and felspar crystals, the latter much 
corroded and eaten into by the glassy magma (Pl. XIII. fig.3). The 
rock of Lamlash contains large and well-developed crystals of both 
felspar and augite, much broken and rounded (Pl. XIII. fig. 6). 
The other varieties in the Scotch area appear to contain only por- 
phyritic crystals of olivine, much decomposed; and in some cases 
these are apparently rare. 

All the basalts which have vitreous selvyages appear to be of the 
class which contains a large amount of glassy residuum between the 
erystals ; and some of them may in fact be classed as magma basalts. 
In certain cases, indeed, they appear to have little or no in- 
_ dividualized felspar, and may be grouped with the Limburgites of 

Rosenbusch. 

The most perfectly vitreous type of these rocks, which is ex- 
emplified by the extreme edges of the selvages in the Beal dykes, 
exhibits only the merest embryonic crystallites scattered through 

* Similar instances of corrosion are familiar among the porphyritic crystals 
occurring in acid rocks such as rhyolites, pitchstones, and obsidians. 
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the mass of brown glass. These crystallites appear, with the 
highest power of the microscope, as excessively minute globular 
bodies (globulites), which in some parts of the mass are crowded 
together into cumulites, leaving other parts comparatively clear and 
transparent (Pl. XIV. fig. 1). Sometimes an approach to a linear 
arrangement can be detected in these globulites. The cloudy masses 
exhibit in some cases the parallel grouping characteristic of the 
banded or fiuidal structure. 

In the basalt-glass of Lamlash this linear arrangement of the 
globulites is much more strikingly exhibited than in that of the 
Beal in Skye. Here we sometimes find the resemblance to strings 
of pearls which has led to such objects being called “ mar- 
garites.” Some of the globulites are seen to be transparent bodies ; 
and this is beautifully shown by the Lamlash rock (Pl. XIV. fig. 2). 

The basalt-glass of Sorne, Screpidale, and Gribun shows a further 
development of the embryo crystals. The fine globulites are seen 
to be collected into skeleton crystals quite similar in form to those 
found in so many slags, but usually of much smaller dimensions. 

In addition to these, we find in the Screpidale rock abundant 
transparent colourless rod-like bodies (belonites), and in that of 
Gribun curious examples of forms intermediate between skeleton 
crystals and spherulites, which occur in the Hawaiian lavas, and 
have received from Krukenberg* the name of ‘“‘ chiasmoliths.” 

As to the nature of the crystals which are thus found in an 
embryonic and partially developed condition in these glasses, much 
discussion has taken place. The minute opaque forms, which seem 
to have the symmetry of the cubic system, can scarcely be other 
than magnetite; but the larger and more transparent forms, such 
as are seen, for example, in the chiasmoliths, appear to be augite, 
while the belonites are probably for the most part felspar. The 
margarites in the Lamlash rock may not improbably be felspar 
crystals in their earliest stage of development. 

Spherulites occur in the rock of the Beal, and also in the some- 
what similar rock (augite-andesite-glass) of Beinn Shiant, Ardna- 
murchan. 

In some cases, as in that of the Beal near Portree, the change 
from an ordinary basalt which occupies the centre of the dyke to 
the glass at its sides can be traced step by step. The porphyritic 
or first-formed crystals are alike in both the basalt and the glass, 
and consist mainly of olivine and felspar, the latter much rounded 
and corroded by the action of the glass uponit. In the glass at 
the extreme edge of the dyke the globulitic dust, occasionally col- 
lected into cumulites, fills the whole mass; nearer the centre this 
glass has the globulites united into skeleton crystals of magnetite. 
The basalt near the glass contains a very large quantity of unin- 
dividualized glass, in which transparent microliths of felspar and 
augite can be made out under a high power. In the basalt of the 
centre of the dyke the felspar, augite, and magnetite are well 


* Mikrographie der Giasbasalte von Hawaii, p. 8 and fig. 30. 
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crystallized, but a large amount of glass of a brownish or greenish 
colour is seen between the crystals (Pl. XIII. fig. 7; compare fig. 8 
and Pl. XIV. fig. 1). 

In the Lamlash basalt-glass the crystallites of magnetite, and 
probably of some other minerals, are numerous, and the basalt is 
only slightly more devitrified than the glass. This basalt is a true 
magma-basalt or limburgite, with porphyritic crystals of augite, 
olivine, and plagioclase felspar. 


8. Summary of Results. 


From the foregoing descriptions it will appear that in the 
Western Isles of Scotland we have examples of a somewhat rare 
class of materials of considerable interest to the petrographer. 

These materials, though often classed as mineral species, are 
really rocks, and, indeed, constitute merely a local condition of 
certain types of basaltic lava. The names tachylyte and hyalo- 
melane, as applied to mineral species, ought therefore to be aban- 
doned altogether. The supposed distinction between tachylyte and 
hyalomelane, founded on their behaviour with acids, altogether 
fails in practice as a means of discrimination between the different 
varieties. 

Of the several names proposed for the rocks of this class, that of 
“‘ basalt-glass” appears to us to be the most convenient and least 
open to objection. ‘This name indicates its mode of origin and its 
relation to basalt, and the only possible source of error which we 
can anticipate from its use is its confusion with the glassy magma, 
or uncrystallized residue, found in many basalts—a substance which 
may be of totally different composition. We would advocate in the 
same way calling the glassy varieties of other rocks by similar 
names, as rhyolite-glass, trachyte-glass, andesite-glass, phonolite- 
glass, &c., the names of obsidian and pitchstone or retinite being 
still used for the types with vitreous and resinous lustre respec- 
tively, and the terms spherulite-rock, perlite, pumice, &c. being 
applied to varieties exhibiting special modifications of structure. 
Tachylyte may, in the same manner, be a useful alternative name 
for the basic glasses, to be employed in contradistinction to obsi- 
dian or acid glass; but there seems to be no reason for the reten- 
tion of the term hyalomelane. 

From the glasses of more acid composition basalt-glass is at once 
distinguished by its higher specific gravity. While ordinary obsi- 
dians (rhyolite- and trachyte-glass) have a density varying from 
2°3 to 2°5, the average being 2:4 or under, the density of basalt- 
glass varies from 2°5 to 2:9, the average being 2°7. The basalt- 
glass of several Scotch localities is of exceptionally high density, 
between 2°8 and 2:9. The glass, when unaltered, is probably in 
all cases of less density than the same material in a more crystalline 
condition. 

The striking magnetic properties of basalt-glass enable us to dis- 
tinguish it from other vitreous rocks, as does also its remarkable 
opacity even in the thinnest splinters. Perhaps the most noticeable 
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and distinctive of all its characters, however, is its easy fusibility 
and the nature of the product resulting from its fusion. 

The hardness of basalt-glass is perhaps generally rather less than 
that of the obsidians ; but the difference is not. sufficiently great to 
afford a ready means of distinction between these two types of rocks, 
though it may serve to distinguish basalt-glass from the hydrated 
substances and altered forms known as palagonite, which are some- 
times confounded with it. 

In chemical composition basalt-glass agrees with the rock, of 
which it is, in all cases, merely a local variation. The proportion 
of silica varies from 45 to 55 per cent., just as in the basalts ; but 
those forms of basalt with the higher proportion of silica appear 
most frequently and most readily to assume the vitreous condition. 
The varieties of basalt containing an exceptionally large quantity 
of silicates of the alkalies seem also to pass more easily into glass 
than any other. 

In their microscopic character the basalt-glasses appear to be 
generally distinguished by their great opacity. When cut into sec- 
tions sufficiently thin to be transparent, the abundance of crystallites 
and skeleton crystals of magnetite serves at once to distinguish 
them from the obsidians. Like other vitreous rocks, they frequently 
exhibit the porphyritic, the pumiceous, the banded, the fluidal, the 
spherulitic, and the perlitic structures. 

In the Western Isles of Scotland basalt-glass has only been found 
as a selvage to dykes of basalt. In other districts, however, it has 
been observed in various situations where rapid cooling has taken 
place, as in fragments ejected from volcanic vents, and the surfaces 
of basaltic lava-streams. 


[ Note, July 12, 1883.—During the discussion on the foregoing 
paper, and subsequently, our attention has been directed to several 
examples of similar materials occurring in different parts of the 
Western Isles of Scotland. Professor T. G. Bonney, F.R.S., has very 
kindly placed in our hands, for the purpose of study, a glassy mate- 
rial forming a selvage less than half an inch in width to a dyke 
which is seen near the stable in the Castle grounds at Brodick in 
the island of Arran. This appears to be a true basalt-glass; it has 
a specific gravity of 2°33, and a silica percentage of 53:96. In its 
microscopical characters the rock very closely resembles the basalt- 
glass of the Beal in Skye. Treated in the same way as the other 
specimens, 83°69 per cent. of the rock was dissolved in hydrochloric 
acid. It is very fusible, and its powder is strongly magnetic. 

At the time when our paper was written we had not seen Pro- 
fessor Heddle’s analysis of and notes ona Tachylyte from the 
Quiraing in Skye (Min. Mag. vol. v. p. 8). In an erratum to this 
article, published with Part 23 of the Min. Mag., the same author 
calls attention to a very interesting note on the basalt-glass of the 
Beal in Skye, published by Necker in 1840 (Edinb. Phil. Journ. 
2nd ser. vol. xxix.), wherein the true nature and properties of the 
material are very clearly defined. 
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EXPLANATION OF THE PLATES. 


Prate XIII. 


Fig. 1. Portion of selvage to the basalt-dyke of the Beal, near Portree, 
Skye, natural size, showing the finely columnar structure exhibited 
by the basalt-glass of this locality. The most glassy portion of 
the rock, forming the outside of the dyke, lies to the left of the 
figure. 

Fig. 2. Slice of the basalt-glass of Lamlash, Arran, magnified two diameters, 
and exhibiting the marked porphyritic character of the rock. The 
glass is perfectly black and opaque, as is always the case except in 
sections of extreme thinness; and the enclosed crystals are those 
of felspar, augite, and olivine, the latter much decomposed. 

[Figs. 3, 4, 5, 6 illustrate the corroded, rounded, and fractured 
condition of the crystals contained in the basalt-glasses and 
the magma basalts which they accompany in the Western Isles 
of Scotland. ] 

Fig. 3 is a felspar crystal from the basalt-glass of the Beal in Skye. X15 
diameters. 

Fig. 4. An augite crystal in the basalt of the dyke to which the last-men- 
tioned rock forms a selyage. X 15 diameters. 

Hig. 5. A greatly corroded crystal of felspar from the same rock as fig. 4. 
x 15 diameters. 

Fig. 6. A group of felspar crystals from the basalt-glass at Lamlash, show- 
ing rounding and fracturing. x 10 diameters. 

[Figs. 7 and 8 illustrate the characters of the magma-basalt 
dykes which pass into basalt-glass in the Western Isles of 
Scotland. | 

Fig. 7 is taken from the centre of the dyke at the Beal, near Portree, in 
Skye, and is an ordinary basalt with a large proportion of glassy. 
base. 

Fig. 8, taken from near the outside of the same dyke, contains much more 
glassy material, the substance of the felspar being almost wholly 
unerystallized. The passage from the rock shown in fig. 7 to 
that represented in fig. 8, and again into the glass illustrated in 
Plate XIV. fig. 1, is of the most insensible character. 


Puate XIV. 


[On this Plate are placed for comparison drawings made from exceedingly 
thin sections of five of the varieties of basalt-glass of the Western Isles of Scot- 
land, viewed with a magnifying-power of about 500 diameters. Beside them is 
placed, for comparison, an example of the clear brown glass of Hawaii, 
viewed with the same objective. ] 


Fig. 1 is the basalt-glass of the Beal, in Skye. In it the magnetite dust is 
simply collected into cloudy patches (cumulites), leaving clearer 
spaces of the dark brown glass between them, 

Fig. 2 is the basalt-glass of Lamlash, Arran. In this rock the minute 
crystallites are collected into linear series forming beaded rods 
similar to the structures which have been called “ margarites.” 

Fig. 3, the basalt-glass of Screpidale, in Raasay, exhibits a more perfect 
separation of the crystallites of magnetite, the skeleton crystals 
thus formed resembling, except in their much smaller size, the 
forms found in many iron slags. Around each skeleton crystal 
an area of colourless glass is produced by the abstraction of the 
iron oxides. 

Fig. 4. In this basalt-glass, from Sorne in the Isle of Mull, the separation 
of the magnetite in the form of skeleton crystals is more complete, 
and the forms of some of the transparent crystals are beginning 
to appear. 
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Fig. 5. In this rock (the basalt-glass of Gribun, in Mull) we find that, in 
addition to the perfect separation of magnetite in skeleton 
crystals, the formation of transparent crystallites (belonites) has 
gone on to a considerable extent. 

Fig. 6. A glassy lava from Hawaii, consisting of a clear brown glass with 
a little cloudy material in parts, and a few crystallites. Some of 
these latter resemble the central portions of the structures to 
which Krukenberg gave the name of ‘ chiasmoliths,” 


Discussion. 


Professor Bonnry expressed his sense of the value of the paper. 
Students of British petrology would be much indebted to the authors 
for this exhaustive notice of so interesting and rarea rock. Asa 
proof of its rarity, he said that he had examined numerous basalt 
dykes in Scotland and elsewhere before he found a satisfactory spe- 
cimen of tachylyte ; and that, by a fortunate accident, appeared to be 
in another locality. It was by the road to Goatfell from Brodick, 
in Arran, at the back of the outbuildings of the Castle. Two veins 
of compact basalt, about 1 foot thick, intrusive in an older decom- 
posed basalt, had an edging of tachylyte from 4 inch to 1 inch thick. 
As regards the Sandwich-Island lavas, he believed that the masses 
of tachylyte were especially connected with Kilauea (for ordinary 
basalts were common in the islands); might this be due to the ex- 
ceptional condition of the lava in the crater of Kilauea, such an 
enormous mass of molten material? 

Mr. Tratt stated that the comparative rarity of basalt-glass in 
nature appeared somewhat remarkable when the readiness with 
which basalt can be fused and made to assume the condition of 
glass by rapid cooling is taken into consideration. He suggested 
that the apparent anomaly might be due to the lower fusibility of 
the basic as compared with the acidic material. The lower fusibility 
necessarily involved a greater prolongation of the time during which 
the conditions were favourable to crystal-development. The forma- 
tion of basalt-glass on the large scale in Hawaii might be due to 
the fact that the material before being ejected is cooled throughout 
its mass by convection-currents almost to the point of consolidation 
before being erupted as lava. According to this view the average 
temperature of emission of the glassy lavas of Hawaii would be less 
than that of a lava cooling to normal basalt. 

With regard to the crystals referred to by the author he thought 
that the honeycomb-structure might in part, at any rate, be due to 
the mode of crystal-growth. 

Mr. Bavrerman expressed the satisfaction which the paper had 
given him. The analysis of the Beal rock indicated a remarkably 
large proportion of alkalies. He had recently investigated a case 
of the formation of crystalline silicates and aluminates in a slag by 
the action of blast-furnace gas containing alkalies and oxides of 
zinc and manganese upon the firebricks of a hot-blast stove. The 
high density of the basalt-glass was probably due to separated 
magnetic oxide of iron. The structure, when seen under a high 
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magnifying power, was analogous to that of certain iron-furnace slags, 
which also vitrified at the edges. He thought the imperfections of 
the crystals due to enclosures of glass in their formation rather than 
to subsequent corrosion. 

Mr. W. Mure spoke of the rarity of ieee and said that the 
dykes could not have run for a long time; if the glass occurred, it 
would be a sign of rapid cooling. 

Prof. SreLey asked how those basalt-glasses of Scotland differed 
from those of the basalts of Europe which differed chemically and 
mineralogically from them. The Sandwich-island glasses were very 
rich in iron. Might the greater abundance of the glass be attri- 
buted to the iron or to the rate of motion? He called attention to 
the fact that the basalt-glass of the Sandwich Islands adhered to the 
branches of trees without scorching them. 

Mr. Koc said that he had found a tachylyte in Skye, and near 
the leaf-beds in Mull; it occurred in bean-shaped masses and 
strings, generally of great thinness. He had made experiments in 
Siemens’s furnaces. He found that slag was partly affected by the 
amount of moisture contained; and this was confirmed by experi- 
ments with slag. If run into moist sand, the lower part of the slag 
was glassy. He therefore attributed the glassy condition to the 
action of steam. If one slag was poured on another, a glass would 
be produced at the point of junction. At the Sandwich Islands he 
thought that the basalt was at a very high temperature. The 
opaque glass was formed at the lower temperature in experiments. 
In experiments with crystals dropped into molten slag the edges 
were fused. 

Prof. Jupp said that similar glassy lavas flowed from Mauna 
Loa and Kilauea; so there did not seem to be any special reason for 
assigning the glassy state of the lavas to the peculiar conditions at 
the latter crater. He thought it more probable that the forms in 
the crystals were due to corrosion than to inclusion. A high per- 
centage of alkali was common to several of the basalt-glasses 
of Germany. ‘The question of the composition of the basalt was 
discussed in the paper. Cohen, however, had proved that there 
were glassy lavas identical in composition with true basalts. The 
rock Mr. Koch had found had not been proved to be a true basalt- 
glass. The quantity of moisture varied much in analysis, and truly 
vitreous rocks, like obsidian, seemed to be less rich in water than 
subvitreous ones, such as pitchstones. 
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25. On a Group of Minerats from Littmsnart, Sartor. By C. J. 
Woopwarp, Hsq., B.Sc., F.G.S., Lecturer on Chemistry and 
Physics, Birmingham and Midland Institute, Birmingham. 
(Read May 9, 1883.) 


Tue Carboniferous Limestone at Lilleshall has for very many years 
been worked, partly as a flux for iron-smelting, partly as a source 
of lime for agricultural purposes. 

Various workings in the neighbourhood have, from influx of water, 
been abandoned ; and there remains now but one mine, known as 
Stump Leasow*. It is situated by the canal, near a spot marked 
‘Old Farm ” on the one-inch Survey map. 

There are two distinct beds of limestone, known as White and 
Grey, lying one above the other, separated by a distance of 40 yards. 

The upper bands of the lower bed, or grey, are full of verticai 
joints, which in many cases, speaking from memory, run from six 
inches to a foot in width. It is in these joints that the minerals 
occur. 

I have met with the followimg mineral species, put approximately 
in the order of frequency or abundance, commencing with the least 
frequent : -— | 


Quartz. | Hematite. 
Hrubescite. Barytes. 
Copper pyrites. Calcite. 
Tron pyrites. Dolomite. 


Quartz is extremely rare. I have, in fact, met with but one 
minute crystal. It showed under the microscope both prismatic 
and pyramidal faces. 

Erubescite. Only a few minute patches in the massive form have 
been met with. 

Copper Pyrites is met with occasionally. It occurs in more or 
less defined spheroids. One specimen has a peculiar radiated 
structure. 

Tron pyrites is not by any means common. Itoccurs in radiating 
masses of from $ to 13 inch diameter, showing faces of the cube, 
octahedron, and other forms. I have one specimen of the decom- 
posed iron pyrites, which in old mineralogical books is called 
“ hepatic pyrites.” This hepatic pyrites is in cubes and octahedra. 

Hematite. Occurs in minute chocolate-coloured semiglobular 
masses, made up of extremely minute crystals, also in an almost 
continuous film, coating the calc-spar and other crystals with a 
coppery sheen. In some cases the cavities containing minerals 
have the hematite much more thickly deposited on the surface 


* Thave just learned that this mine is now closed in consequence of the 
expiration of the Lilleshall Company's lease. 
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lying lowest in the stone ; but I have not satisiied myself that this 
is general, 

Barytes.—Occurs in pink, lamellar, somewhat radiating masses, 
which cleave easily parallel to the 001 and 110 planes of Miller. 
At their free surfaces transparent crystals are developed, having the 
forms 001,110,and 101. Besides this mode the barytes also occurs 
in small transparent crystals (4-2 inch long). The prisms are 
chisel-ended, being terminated by the planes 110 and 110 of Miller, 
while the sides of the prisms are contained by the forms 001 and 012. 

Calcite.—In the uppermost bed, called by the miners “ cockles,” this 
mineral occurs in clustered groups of crystals, each crystal being a 
steep scalenohedron with a rhombohedral summit. The grouping 
commonly takes the form of a steep three-faced pyramid. The faces 
of the rhombohedral summits are striated in the direction of a line 
bisecting the angles formed by the edges of the rhombohedron. Some 
attempts were made to determine these faces; but the striations 
prevented any satisfactory measurement. The clustered crystals of 
calcite have a beautiful ice-like appearance. 

Some of the calcite in large masses has a pink colour, due to 
manganese. A portion of this pink calcite yielded 


Manganous oxide (MnO) ........ 1:20 per cent. 
Ferrous PME O) 77h uk SSO. vag 

The calcite also occurs in more or less spherical cavities in the 
lowest bed of stone; and these invariably contain the mineral in 
pointed scalenohedrons (Dog-tooth spar). 

Dolomite.—Is the most interesting mineral of the group. It 
occurs in nodules, which are apparently made up of a succession of 
lamine of varying diameters. These lamine crystallize at their 
edges in minute rhombs with curved faces, resembling pearl-spar. 
The substance of the nodule is cream-colour, but the crystalline 
surface is often brown from oxidation. 

The minute rhombs do not admit of measurement. Two samples 
of the typical nodules freed from calcite were analyzed. 


13, at. 
| Sp. gr. 2°95. Sp. gr. 2°92. 

Warbou @dioxade (CO, ) ..22. 2008. 6.5 0-0-2 | 42°29 44-00 
Ferrous oxide (FeO) .................. 21°49 12°51 
Manganous oxide (MnO) ............ 1:02 2:08 
PAHS (OBO) ooo 2.2.2 cer ade yh tebe sos tote 29°06 34°35 
Mapnesia,( MeO) 2. 2... kates scones 5°96 7:64 

99°82 100°58 


x 1 contained ‘07 per cent. silica not included. 

+ 2 is the mean of two analyses of the same sample, in which the following 
were the differences from the mean :—CO, 0:18, FeO 0°17, MnO 0:06, CaO 0°14, 
MgO 0:00. 
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Calculated into carbonates, these give 


i a. 2 
| Calcic carbonate (CaCO,) ...........- 51-89 47°59 61°34 
| Ferrous carbonate (FeCO,) ......... 34°62 34°74 20°15 
_ Manganous carbonate (MnOO,) ... 165 213 3°37 
Magenesic carbonate (MgCO3) ...... 12°52 13°73 16:04 
100°68 98°19 100-90 


No. 1 approximates in composition to a specimen of ankerite 
from Admont, Styria, given in Rammelsberg’s ‘ Handbuch,’ and put 
by Boricky as Ankerit a. The analysis of the Admont specimen is 
given in column a; and had I made but one analysis of the Lilles- 
hall mineral, I should perhaps have felt justified in calling it 
ankerite. Analysis 2, however, was made from a specimen undis- 
tinguishable in appearance from specimen 1, yet the relative pro- 
portions of carbonates are widely different. Analysis 2 cannot be 
made to coincide with either of Boricky’s values for ankerite*. 
The specimen, however, approximates to the formula 


3 CaCO, +(FeMn) CO,+MgCO,, 


which requires CaCO, 60°00 per cent., FeCO, 23:20 per cent., and 
MgCO, 16°80 per cent., or a difference of 1°34 per cent. in the CaCO,, 
0°32 per cent. in the (FeMn) CO, and 0°76 per cent. in the MgCO., 
and would properly be described as a ferriferous dolomite. - 


* Boricky (Mineralogische Mittheilungen von T'schermak, 1876, Heft i. p. 47) 
gives the general formula for ankerite as 


(CaCO, +FeCO,) +2(CaCO,+ Mg00,), 


where r=}, l, 4, %, $, 2, 3, 4, 5, 10; so that the possible ratios of carbonates 
are 

CaCO, =100 («+1), 

KeCO, =116, 

MgC0,=842. 


Putting x as 3, 1, $, &c., and calculating percentages, we have the following 
possible values 


CaCO.,. FeCO,. MgCoO,. 
=i 48°70 37°66 13°63 
c—! 50:00 29:00 21:00 
c—_ 50°54 25°16 24°30 
ep 50°81 23°57 25°62 
cs 51:05 22°18 26°77 
c—2Z 51:37 19°87 28°77 
c=? 52°09 15:10 32°81 
x2=A4 52°52 12:18 35°30 
L=) 52°81 10°21 36°97 
x=10 53°50 5°64 40°85 
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Discussron. 


Mr. Hvpiesron remarked that since iron and magnesia were 
freely interchangeable elements, it seemed hardly necessary to base 
mineralogical distinctions on variations in their respective amounts, 

The Avrnor accepted the views expressed by Mr. Hudleston, 
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26. On a Secrion recently exposed in Baron Hit Park, near Brav- 

maris. By T. G. Bonnry, M.A., F.R.S., Sec. G.S., Professor of 

Geology in University College, London, and Fellow of St. John’s 
College, Cambridge. (Read May 23, 1883.) 


In the autumn of 1880 I observed by the roadside leading up the 
hill from the gates of the Beaumaris Cemetery towards Llandegfan 
some peculiar grits which reminded me much of certain beds ex- 
posed in the district near Perfeddgoed House and other places in ~ 
the neighbourhood of Bangor. The rock, which crops out here 
and there by the roadside (perhaps about one third of a mile from 
the road to Menai Bridge) varies from a green “ bastard” slate to a 
grit containing small grains of reddish felsite. These beds are suc- — 
ceeded, after a very short interval, by the normal greenish micaceous 
or chloritic schists of the region. Although convinced that this 
indicated an extension of the group of beds which in the Bangor 
area underlie the conglomerate now generally taken as the base of 
the Cambrian, such specimens as I could obtain might not have 
convinced others, and I waited for a more favourable opportunity — 
of examining the district. Last summer, while on a visit to some 
friends in the neighbourhood, I was informed by them that a new 
drive was in process of construction through the woods on the face 
of the hill mentioned above ; and I applied, as the grounds of the 
Baron Hill estate are strictly private, to the owner, Sir R. Williams 
Bulkeley, for permission to examine the sections. This was at once 
accorded to me most courteously, and the results proved even more 
interesting than I had anticipated. 

The new drive is carried along the face of the craggy scarp which 
overlooks the Menai Straits, and is obviously an old line of cliffs, 
the base, as we approach Beaumaris, being now separated from the 
water by a considerable tract of nearly level ground. The drive 
ascends gradually along the face of the scarp, and crosses by means 
of a bridge the lane already mentioned close to the outcrop of the 
aforesaid grits. 

On entering the grounds from the main road, some little distance 
north-east of the Ferry from Garth, we find greenish and purplish 
schists, overlain by a compact chloritic schist, which dip at a rather 
low angle, roughly 8.E. Then come other greenish and purplish 
schists with thinner bands of the more compact rock, followed, yet 
higher, by a fissile green micaceous schist. This is succeeded by a 
compact purple variety, traversed by quartz-veins and looking as if 
silicified. So compact is it in structure that it might readily be 
mistaken for a flinty argillite. 

These schists may also be seen, though in a condition less favour- 
able for examination, cropping out by the roadside below, and the 
last named is identical with a rock exposed in a knoll by the turn- 
pike, which had always been a great puzzle to me. ‘The dip here- 
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abouts appears to be about E., or even a little N. of E., but it bends 
back again to the S.E. The last schist exposed is of a greenish 
colour and rather compact structure, with some epidote and quartz- 
veins, which dips roughly 20° E.S.E.* Here we are on the higher 
ground, a little west of Gallows Point, overlooking the strip of flat 
land already mentioned. These schists are cut by two or three basalt 
dykes f. 

I have had slides cut from the principal varieties of the schist for mi- 
croscopic examination. The purplish schist (about 150 yards from the 
entrance to the drive) consists of quartz, a flaky green mineral, and 
an iron-oxide (probably hematite) associated with a little manganese. 
The quartz is in irregular granules of chalcedonic aspect, I believe 
developed zn situ. The other two minerals are to some extent scat- 
tered over the slide, but are also associated in wavy bands. In part 
the former may be a chlorite; but I am disposed to regard most of 
it as a hydrous mica akin to biotite. JI have examined these mine- 
rals with considerable care, but cannot say that I feel much confi- 
dence in determinations of the optical characters of these small 
crystallites, as there are so many obvious sources of error. In the 
compact chloritic rock, near the entrance-gate, there is more of the 
green mineral, some of which more closely resembles a chlorite, and 
less quartz and ferrite; calcite also occurs in a vein. The highest 
schist exposed in the drive has a general resemblance to the first 


* An interesting section is exposed in a pit near a house called, I believe, 
Pen-y-Parc, a short mile from the cemetery-gate. Here is a compact greenish- 
white quartzite overlain by a dull greenish-grey schist. The upper surface of 
the former is rather uneven; but I incline to consider this the result of a bend- 
ing of the beds, and not to indicate an unconformity. The former consists of 
quartz-grains of variable size, subangular to rounded, the larger being the most 
rounded, imbedded in a minutely granular quartzose matrix, the whole being 
occasionally cracked and recemented by very minutely erystalline quartz, in 
which are occasional flakes of a pale greenish micaceous mineral. The quartz- 
grains are generally crowded with small cavities, in very many of which are 
minute moving bubbles, occasional small prisms of a pale green mineral, and 
fine “‘nairs” like rutile. The schist is less altered than one would expect ; it 
consists of small subangular grains of quariz in a matrix of quartz and the usual 
filmy green mineral, with an occasional larger flake of pale mica. The whole 
has evidently been much compressed. Some twenty feet or so of the quartzite 
are exposed, and a little lower down the hill schists resembling those already 
described crop out. Macroscopically one would correlate these beds with the 
other schists; but the dip, which is about N.N.E., does not agree very well, 
the quartzite is not seen on the scarp below, and the retention of a fragmental 
condition, probably original, in the upper schist is a good reason for hesitating. 
The quartzite has a considerable resemblance to that on Holyhead Mountain, 
though in the latter bubbles seem to be much less frequent. Both, however, 
may very well have obtained their materials from such rocks as the granitoid 
series near Ty Croes. 

t The last seen of these consists of a plagioclastic felspar well preserved, with 
rather large angles (up to 30°) between the extinctions of successive lamelle. 
In these are many colourless belonites. The augite has lost its characteristic 
aspect, consisting of a mass of granules partly dusky, partly bright-coloured 
with crossing nicols; there are many scattered rods and wel:.-defined sharply 
angular crystals of hematite or perhaps, in some cases, ilmenite. The minerals 
appear to have consolidated in the inyerse order to that in which they are 
described. 
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described, but has less ferrite and a greater proportion of the mica- 
ceous constituent in rather large folia. The compact purple rock, 
resembling a flinty argillite, shows a clear matrix, studded with 
belonitic crystallites of a pale yellowish-green colour and with inuu- 
merable granules of the above-mentioned ferruginous constituent, 
arranged in wavy paraliel bands. The matrix is siliceous, partly 
chalcedonic quartz and partly, I think, opal. Though the consti- 
tuents are very minute, the rock appears to be rightly considered a 
true schist; and I suspect its abnormal aspect is partly due to a 
subsequent infiltration of silica. I have compared these slides with 
specimens from near Menai Bridge, which much resemble the first and 
third (except that they have a hydrous white mica), and several 
specimens from the north-west of Anglesey, including those described 
in my Appendix to Dr. Callaway’s paper (Quart. Journ. Geol. Soc. 
vol, xxxvii. p. 234, Group B). All these have a strong general re- 
semblance one to another. | 

Beyond the last-named schist is an interval of about 60 yards, 
where every thing is concealed beneath loose soil and vegetation ; 
and then comes an outcrop of a massive grit, hard, jointed, weather- 
ing to a brownish colour, and at the first glance rather like one of the 
intrusive masses of basalt further down the hill. It is at first fine 
in texture and dark in colour; then it becomes a little coarser, and 
is full of rolled grains, up to about the size of a small pea, of felspar 
and felsite, which weather white. More angular fragments of a 
very compact black rock, up to nearly 2 inches in diameter, now and 
then occur. These grits are exposed by the roadside for about forty 
yards ; their dip is not easily ascertained, seemingly it is to the 
east. There is then an interval of 18 yards covered by vegetation, 
followed by an exposure of a similar grit for about 16 yards. Another 
interval of 60 yards succeeds, and we then find a slightly finer grit, 
which passes into hard blackish and brownish argillite, traversed by 
small quartz-veins, and looking rather crushed. The dip here ap- 
pears to be about 25° EH. Grits and argillite alternate for about 
100 yards ; and then, after another interval ef about 36 yards, we 
find a hard argillite, in the middle of which is a greenish grit dip- 
ping towards the E. and exposed for about 130 yards. . 

Rather more than a hundred yards from the last exposure of the 
above-described rock, the lane already mentioned is crossed by a 
bridge; and in the park on the other side we find a considerable area 
of rounded surfaces of rock, seemingly ice-worn, partly masked by 
earth. The first reached is a grit (generally similar to the one last 
seen on the other side of the bridge), banded with greenish and grey- 
ish argillite; this soon becomes coarser, and in it may be noted frag- 
ments of the black rock already described, of a green argillite, and 
pebbles of the purplish felsite so well known on the other side of the 
Straits. The dips here appear to be high, and to have changed their 
direction to the N.W.; but in deposits of this nature it is not easy to 
be sure. ‘Then succeeds, sometimes by a very abrupt transition, a 
coarse purplish grit or conglomerate (the fragments weathering 
nearly white), full of bits of the felsite. 

In one spot I noted a lenticular patch where the materials sud- 
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denly became extremely coarse, 
the felsite fragments being some 
9 inches in diameter; the gene- 
ral appearance suggests that this 
may be an agglomerate rather than 
a conglomerate. There is also a 
dyke of a compact dark rock with 
scattered crystals of whitish fel- 
spar often about half an inch long, 
resembling very closely a dyke in 
a quarry above the Bangor Ceme- 
tery *. Beyond this spot, for 
some distance the drive crosses an 
open field, and the slope is over- 
grown with vegetation of long 
standing ; so, as there was no pro- 
bability of any more exposures that 
would be of interest, I did not 
follow it further. On the crest of 
the ridge, about 150 yards to the 
N.W. or W. of the above rocks, is 
schist of the ordinary type. 

_ I have examined five slides cut 
to illustrate this series of grits :— 
one, from the mass nearest the 
schists,to represent the normal rock 
of this part; another, from near the 
same, to examine more especially 
the included fragments; a third 
from the greenish grit associated 
with argillite, near the bridge on 
the western side; and a fourth to 
illustrate the red felsite grit east 
of the bridge, cut from a_ part 
where the fragments are often 
about the size of small peas. We 
find, in these, grains of quartz, fel- 
spar, and several varieties of tra- 


_ * T have not examined this microsco- 

pically, as I could not have got a speci- 
men worth cutting without much de- 
facement of the ice-worn surfaces. The 
“Cemetery” dyke has in its ground- 
mass a considerable family likeness to 
the one already described, but is a little 
coarser, and the augite is better pre- 
served. The larger felspar crystals ap- 
pear to be of the same species as those 
in the ground-mass, but are more de- 
composed, and partly replaced by secon- 
dary microliths. 
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chytic lava and lapilli, associated with finer materials, granules of 
iron-oxide and some viridite, most of this matrix being doubtless 
decomposed volcanic dust or felspathic mud. The quartzes vary 
from subangular to rather rounded, the smaller grains generally 
being the more angular. With a low power they appear rather 
clear; but with a 3-inch objective a considerable number of cavities 
are detected, generally very small and often associated, mostly con- 
taining very minute bubbles, which usually move freely. In a 
grain in the fourth of the above-named specimens the fluid appears 
to be stained a reddish-brown colour. The felspar is usually a little 
more rounded externally. It is rather decomposed, but I recognize 
in some cases orthoclase, and think this predominates, as I obtain 
but rarely indications of the characteristic twinning of plagioclase. 
Of the fragments of igneous rock there are several varieties, even in 
the same slide. Some are slaggy, and in great part completely 
opaque with opacite; others are crowded with elongated crystallites 
of felspar, exactly as in slides from modern trachytic lavas in my 
collection ; others show a cryptocrystalline structure ; others, brown- 
banded with ferrite, show a fluidal structure; some are micro- 
porphyritic, exhibiting grains of quartz or erystals of felspar. One 
fragment in the first-named slide, with a rather irregular rounded 
exterior bordered with black, appears to be ‘‘ micro-amygdaloidal,” 
the numerous little vesicles being filled near the exterior with opa- 
cite, and within with celadonite (or a green serpentinons mineral) 
and a clear mineral, probably a zeolite. The whole appear to me to 
indicate the presence of materials truly voleanic—lapilli and frag- 
ments of trachytic lava. Some, at least, of the materials are water- 
worn; and I should suspect that, as a whole, they have been trans- 
ported to their present position (though the cones from which they 
must have been derived were probably at no great distance), rather 
than have been showered down as they now lie from a volcanic orifice. 

The fragments mentioned above, in the second slide, were two, an 
inch or so in diameter, which lay almost in contact in the first-named 
grit. Both were a very compact dark rock, but one had weathered 
to a paler colour. The latter is a rhyolite, with scattered angular 
grains of quartz and felspar in a matrix crowded with minute gra- 
nules of ferrite and (apparently) with extremely minute crystallites. 
There seem to be traces of a glassy base, but this is uncertain. 
Not so, however, in the other fragment; this exhibits admirably a 
fluidal structure, wavy bands, almost opaque with granular ferrite, 
appearing in a clearer base. As the field, except for some scattered 
crystallites, remains dark with crossed nicols during a rotation of 
the stage, and does not sensibly vary its tint when a quartz plate is 
inserted, I consider that we have here a fragment which has retained 
its original glassy condition. 

I have compared these slides with a rather numerous collection 
from the district near Bangor which I described in a former paper*. 
The resemblance to some of these is very close. The fine grit macro- 
scopically most resembles that from a pit near Hendrewen; but 

* Quart. Journ. Geol. Soe. vol. xxxv. p. 309. 
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microscopically the similarity is less marked. These Anglesey spe- 
cimens correspond most nearly with the slides obtained from various 
parts of the series which extends from the coarse breccia at Tair- 
ffynnon Quarry up to near the horizon of the Cae Seri rock. 

The argillite associated with these grits does not resemble any of 
the specimens which I have examined on the other side of the 
Straits; but there I chiefly directed my attention to the coarser 
beds as more important for classificatory purposes, so that I lay no 
stress on this difference. Under the microscope it appears, at first 
glance, not unlike a volcanic glass, consisting of a fairly clear mate- 
rial irregularly tinged with extremely minute granules of ferrite 
with a slightly wavy banding. In this are scattered rather angular 
erystalline particles and some patches of a dusky granular mineral. 
With crossed nicols the ground-mass remains black, except for the 
presence of many minute crystallites of variable form and often frag- 
mental aspect. The exact nature of these I cannot determine: 
some look like quartz, others may be felspar or more probably a 
zeolitic mineral; the larger patches are granular in structure, in 
some cases concretionary, in others resembling pseudomorphs after 
a erystal of felspar. With ordinary light they are a pale dull 
grey, like the colour of very diluted ink; with polarized light they 
prove to be very dichroic, becoming almost black in one position ; 
with crossed nicols they change from a sort of buff tint to black ; 
and on selecting one of the most definite forms, I find that extinction 
takes place when its longer axis makes an angle of 45° with the 
vibration-plane of the nicols. I am unable to identify this mineral. 

The same mineral occurs occasionally in some of the volcanic 
fragments in the other slides. I should regard a volcanic mud as 
the most probable material of this rock. It does not at all resemble 
the ordinary argillites or porcellanites, and, if a little more altered, 
would, I think, be a very typical hialleflinta, 7. e. a rock of sedimen- 
tary origin by no means easy to distinguish from a compact felsite. 

The relations of these two groups of rocks are, I think, of impor- 
tance in reference to some matters of rather recent controversy. 
Their junction is most probably a faulted one, and no one accus- 
tomed to the study of rocks can doubt that the felsitic-grit series is 
much newer than the schists. The former rocks are but little 
metamorphosed ; the alteration in them is not greater than we find 
in such beds as those at or just below the base of the Cambrian in 
Caernarvonshire or Pembrokeshire, at Charnwood, or at the Wrekin ; 
the latter have undergone very considerable metamorphism. As a 
rule, no original constituent in them can be identified with certainty. 
I have examined several specimens from this great series of schists, 
which extends from the west of the Menai Bridge to the neighbour- 
hood of Beaumaris, and only in the case of the quartzite and schist 
of Pen-y-Parc have I detected original constituents. Once, doubt- 
less, mudstones of variable chemical composition, they are now true 
foliated rocks, their chemical constituents having entered into new 
mineral combinations. Changes of this kind may doubtless some- 
times occur under exceptional circumstances in a series generally 
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unaltered, as when the temperature of one part has been locally 
elevated by the proximity of large masses of igneous rock, or when 
it has been exposed to very exceptional pressure im the presence of 
water at a slightly higher temperature than usual; but here there 
is no reason for suspecting any agent of change to have been more 
intense than usual. Further, at Garth Ferry we have Ordovician 
rocks * quite unaltered ; and on the Anglesey shore, on either side of 
the landing-place, is a quartz grit, faulted down against the schists, 
entangled with which may be seen some remnants of a slaty rock 
similar to that on the maimland. This appears to me to be rightly 
mapped by the Survey as Ordovician, and I should correlate it with 
the quartz grit and conglomerate near the opening of the sewer at 
Garth, which, as it seems to me, occurs there in association with the 
dark slaty beds, and not with any part of the Cambrian conglomerate. 

As, then, in the immediate neighbourhood, we find Ordovician 
rocks and even strata probably rather below the Cambrian practically 
unaltered, we cannot hesitate to consider these Menai schists 
Archean, and should not be disposed to refer them to the newest 
period in this great group. But these Menai schists have a general 
resemblance to the bedded schists which abound on Holyhead Island 
(as already described by myself and others) and in the intervening 
districts of Anglesey. I think no petrologist could hesitate, in the 
absence of any evidence of special local metamorphism, to refer all 
the above roughly to one group. It would therefore seem vain to 
speculate on any “gnarled rocks,” identical in constitution with these, 
being by any possibility of Ordovieian or even of Cambrian age. It 
might perhaps happen that a small patch of one of the older Paleo- 
zoics, locally nipped and tremendously squeezed, should exhibit a 
‘‘universally slickensided” appearance, which would cause some 
macroscopic similarity to these true schists; but I doubt whether, 
even then, there would be much real correspondence when they were 
examined microscopically. Here, at Baron Hill, we have almost side 
by side true schists and rock which all must admit to be at least 
older than the greater part of the Cambrian; yet, as we have seen, 
the latter is almost unaltered. 

We may, then, I think, safely regard these micaceous and chloritic 
schists of Anglesey as Archean. By some authors they have been 
claimed as Pebidian. Here, however, the question arises, What is 
Pebidian? If we take as its type the series on which the name 
was first conferred, the group beneath the Cambrian conglomerate 
at St. David’s, we may at once repudiate the identification f. That, 
like the rocks of Charnwood Forest, is a group largely consisting of 
volcanic materials and comparatively slightly altered. To such a 
group we may assign the series in Caernarvonshire between the Cam- 
brian conglomerate and the great rhyolitic masses (which, indeed, I 


* Probably of about Llandeilo age (see Mem. Geol. Survey, vol. iii. ch. xxii.). 

+ This paper was written prior tothe reading of Dr. A. Geikie’s paper “ On 
the supposed Pre-Cambrian Rocks of St. David’s;” but, notwithstanding the 
efforts of the Director General to efface the limit between Cambrian and Pebi- 
dian, the author sees no reason to alter any thing that he has written here. 
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should include with the overlying beds). With some part of this 
the felsitic grits at Baron Hill probably correspond. 

The term Pebidian, then, should designate a comparatively un- 
altered series (hypometamorphic, as it has been called. by Dr. 
Callaway) which does not appear to be much more sharply marked 
off from the Cambrian than the Ordovician from the Silurian. It is 
especially characterizéd by an abundance of volcanic material, chiefly 
ef an acid type. So far as we can conjecture, it appears to have 
commenced (I speak, of course, only of Britain) by an epoch of vol- 
canic activity, when, from orifices opened probably on an old land 
surface of the more ancient Archean rocks, flows of glassy lava and 
great masses of trachytic scoria were discharged—and to have been 
followed by gradual subsidence, which probably became still more 
general in the Cambrian period. 

[Note, June 26, 1883.—Since this paper was written I have 
received, through the kindness of Dr. J. W. Dawson, F.R.S., a very 
interesting series of small specimens of Huronian rocks from 
Canada. I have not yet had time to examine the microscopic 
structure of these; but macroscopically the resemblance of not a 
few of them to certain of the Pebidians of St. David’s and some of 
the rocks from Charnwood is most remarkable. They are, how- 
ever, wholly different from the true schists described in the above 
paper. | } 

These Anglesey schists (which present considerable resemblance 
to certain rocks recently described by myself from the Lizard district, 
and could perhaps be paralleled by others from the older part of the 
Pietra Verde group of the Alps) must be regarded as distinctly older 
than the typical Pebidian. ‘The correlation of them with the last- 
named group was due, I think, to two misconceptions—an erroneous 
identification of an Arvonian series in this part of North Wales, and 
an overestimate of the amount of metamorphism in the St. David’s 
Pebidians. As regards this correlation I see no escape from the 
following dilemma. If there is Arvonian at Ty Croes (Anglesey), 
then the schists of Holyhead Island and the Menai must either be 
much older than the Pebidian or the term must cease to have any 
classificatory value, as it would include rocks so very dissimilar in 
their amount of metamorphism. 

In the above remarks I have not attempted to correlate precisely 
the Baron-Hill grit with the beds on the mainland. All that I 
maintain is, that it cannot be newer than the Cambrian Conglome- 
rate of Professor Hughes or older than the great flows of rhyolite. 
Any thing more than this would involve a digression into the strati- 
graphy of the beds near Bangor, which I reserve for a separate 
paper. JI may, however, observe that the Baron-Hill beds differ 
considerably both from the conglomerate which, for some distance, 
fringes the opposite side of the Menai Strait and runs inland to the 
east entrance of the tunnel west of Bangor Station, and from that 
on the top of the hill above the eastern tunnel, both of which are 
referred by Professor Hughes to the base of the Cambrian series. 


(For the Discussion on this paper, sce p. 485.) 
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27. On the Rocks between the Quarrz-FELsItE and the CAMBRIAN 
Serres in the Neighbourhood of Bancor. By T. G. Bonney, 
M.A., F.R.S., Sec. G.S., Professor of Geology in University 
College, London, and Fellow of St. John’s College, Cambridge. 
(Read May 23, 1883.) 


Tus district has already been the subject of papers published in the 
Quarterly Journal of the Society *. The authors of these agree in 
accepting the coarse conglomerate exposed (for instance) on the 
upper part of the hill pierced by the eastern tunnel of the railway 
near Bangor, as the base of the Cambrian; but there is still some 
diversity of opinion as to the relations and extent of the sub- 
jacent series. The views on the latter point will be found respec- 
tively expressed in papers by myself and Professor Hughes in vol. 
xxxv.; and since the publication of the latter I have four times re- 
visited the district, leaving, I believe, but few exposures of the rock 
unexamined (except such as may occur unknown to me in private 
grounds). As I adhere to my original opinion as to the sequence 
of the beds, I now ask leave to state as briefly as possible the addi- 
tional evidence which I have succeeded in gathering. At the same 
time I am glad to take this opportunity of frankly admitting that 
in the part of his paper which treated of the relations of the con- 
glomerate and the granitoid rock at Twt Hill I was wrong, and 
Prof. Hughes was substantially right. Repeated examination of 
the district and of specimens under the microscope has convinced 
me that, notwithstanding the apparent passage of the one into the 
other, the conglomerate is much later in date than the granitoid 
series. Whether it be of the same date as the Cambrian conglo- 
merate in the Bangor area is, I think, at present by no means certain. 
I can hardly regret the mistake, for in the correction of it (as re- 
lated in Geological Magazine, decade 2, vol. ix. p. 18) I have learned 
much; and that I made it at all was, I believe, due to the last 
lingering impressions of the instruction which I had found in the 
writings of those whose teaching was regarded some dozen years 
ago as authoritative. Had I then commenced my petrological 
studies in a spirit of absolute scepticism, I should have been saved 
much time and some errors. 

The main point, however, at issue between myself and Professor 
Hughes with regard to the Bangor district is the following :—I had 
described in the district south of the fault, which runs nearly along 
the line of the road from Bangor to Caernarvon, a series of rocks in 
which occurred at least four well-marked beds of breccia or con- 
glomerate, which appeared to me to be so distinct that I could only 
conclude that they indicated horizons, and that the succession as a 
- whole was an ascending one. ‘Three of these, unless I misunder- 


* Vol. xxxiv. pp. 187 & 147, and vol. xxxv. pp. 309 & 682. 


THE NEIGHBOURHUOD OF BANGOR. 479 


stand him—all, in short, but the greenish breccia which occurs on 
Bangor mountain, Professor Hughes considers to be only the Cam- 
_ brian conglomerate repeated by faulting, so that the series sepa- 
rating the quartz felsites from the conglomerate at the base of the 
Cambrian is reduced to the above-named green breccias and the 
gritty slates in association with them—that is to say, rather less 
than one half of the thickness which I should assign to it. Of the 
faults which are needed for this repetition I have not been able to 
find satisfactory evidence in the field. The principal argument for 
their existence appears to be the hypothesis that one conglomerate 
is equivalent to another, an argument which it is obvious stands or 
falls with the hypothesis. 

I commence, then, my revision of the district with the eastern 
edge of the great mass of quartz felsite near Brithdir Farm. In 
apparent succession to this (I could not discover any evidence for 
the intermediate band of slate inserted on Prof. Hughes’s map) we 
find (on both sides of the lane which mounts in a §.8.W. direction 
from the main road along the bed of the valley) a grit mainly (if: 
not wholly) composed of quartz, felspar, and felsite fragments, occa- 
sionally becoming conglomeratic and containing pebbles of felsite, 
which can be traced pretty continuously round the brow of the hill 
near Wern, until, on its northern scarp, we again come to the main 
mass of felsite. We pick it up by the high road in the valley 
below (on the other side of the fault), still in apparent sequence 
with the felsite ; we follow it by Taffarn newydd to Beulah Chapel, 
where it is still in sequence, and find it thus in the field-way 
leading to a farm opposite to the lodge of Gorphwysfa, and it is 
seen for the last time just above the west entrance of the western 
tunnel. This felsite grit, the constituents of which certainly seem 
to have been derived mainly, if not wholly, from the adjacent 
felsite, appears to be succeeded near the turning to Wern Farm by 
greenish grits and a little purplish slate, over which comes a rock 
rather like that at Tairffynnon quarry, varying from a green grit 
with reddish spots to a coarsish breccia or conglomerate more like 
that inthe above quarry. It is also worth notice that about 80 yards 
to the east of the above-named tunnel-entrance is a small outcrop 
of a similar rock, and many fragments are to be seen in a spoil- 
bank consisting of materials which have doubtless been obtained in 
making the tunnel. 

It seems, then, not unreasonable to suppose that this grit and 
conglomerate, which, for purposes of reference, I will call A, thus 
seen at intervals between two points about 12 mile apart in a 
straight line, is in true sequence with the felsite, and is not brought 
by a fault into its present position. 

The next breccia which I have described (we will call it B)is well 
exposed in a pit in the wood at Tairffynnon, and some overlying 
beds of a more slaty character are seen in the lane. As mentioned 
in my paper in the ‘ Geological Magazine,’ I have since traced it on 
the upper parts of the ridge to the N.N.W. (roughly) of that pit; 
and in 1880 I found that a new pit opened by the Caernarvon road 
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had exposed a similar rock almost exactly at the spot where I had 
anticipated it would occur. At this place the dip appears to be 
rather to the N. of E., perhaps E.N.E., while the dips about Tair- 
ffynnon are generally about E.S.E., a twist towards the north- 
ward of which we have other indications near this fault. This 
breccia, then, retaining its characteristic aspect, has now been traced 
for above half a mile. 

The peculiar breecia (C), containing elongated fragments of purple 
slate with smaller bits of felsite, had been traced prior to 1880 from 
near Tyddn Dreiniog to Cae Seri; and I had stated that I expected 
it would occur in the neighbourhood of the Poorhouse. In that year 
I observed a pit (perhaps 200 yards to the south-east of the building, 
which had been overlooked at my former visit) in which I found a 
rock impossible to distinguish from the Cae-Seri rock. Here also 
the dip (difficult to ascertain) seemed to be about N.E., a direction 
which is confirmed by other observations in greenish grits and slates 
in the neighbourkood. 

During a brief visit in 1882 I found traces of a similar rock in 
the interval between this pit) and Cae Seri. This peculiar breccia 
(C) has now been traced for a distance of full a mile as the crow 
flies. 

In succession to this comes, I believe, the greenish-grey felsitic 
grit of the Hendrewen quarry, in which are occasional well-rolled 
pebbles of similar-coloured felsite. Under the microscope it is 
seen to consist of fragments (generally rounded) of quartz, felspar, 
and an acid lava. The last commonly show more or less of a 
fluidal structure, and, examined with polarized light, are crypto- 
crystalline ; but two or three are crowded with elongated crystallites 
of felspar, as may be seen in many trachytes. The materials are 
rather more decomposed than is usual in the other breccias. ‘There 
is also one rounded fragment of a quartz grit. The grit described 
from the quarry by the white cottages west of Minffordd (I think 
the spot called Nant Gwtherin on the map) has some resemblance 
to this from Hendrewen, and is probably higher up in the same series. 

So far as I can gather from Professor Hughes’s map and paper 
(vol. xxxv. p. 682), he regards the quarries at Hendrewen and at 
the back of the Poorhouse as both in Cambrian conglomerate 
(pp. 690, 692), but the one near Nant Gwtherin and the rock of 
Cae Seri as part of the Bangor beds. 

The district between B and C is one not easy to unravel. I have 
zigzageed over it, and found most of the outcrops to be greenish 
gritty rocks, sometimes pink-spotted; and near Brynllwyd Farm 
are conglomerates, one of which contains some fragments of purple 
slate like that in the Cae-Seri breccia. At this place (e.g. near 
Careg Hwfa) Professor Hughes again brings in the Cambrian con- 
glomerate. I cannot, however, say that the rock closely resembles 
any of the admitted exposures of the latter, though it has something 
in common with both Band C. Hence I think it more natural to 
regard these conglomeratic beds as merely local intercalations 1 in the 
intervening zone. 
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Fig. 1.—Sketch Section to illustrate the General Succession of the Beds as maintained, 
by the Author. (Scale 2 inches to 1 mile.) 


8.8.W N.N.E.; 
5. VV. 
= 
im D 
mM iA 
J i t 
1 I - ' ( 
| ' 
ae : 
' ( i H 1 
i | { 1 
' 1 SES 
== ! <= ee eet 
Qe =——S= \ pS 
= SS Sa aaa eee eY 
°* SS SS SS SS SS 
= CS eg ee EL 


For explanation, see Map, fig. 2. 


Fig. 2.—Sketch’ Map of Bangor district, founded on the Geological 
Survey Map, from which the Faults (except the hypothetical one 
N.W. of the Caernarvon Road) are taken. (Scale 1 inch to 1 mile.) 
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The Cambrian conglomerate (D), above the admitted Bangor 
Series on the hill pierced by the tunnel east of the station, is as 
different as it well can be from B and C, but somewhat resembles 
A ; from which, however, it differs in containing numerous pebbles 
of quartz and quartzite (exceeding in number those of felsite), and 
in possessing a more sandy matrix. 

If, then, A, B, C, and D are the same rock, we must suppose :-— 
(1) That whenever there is an exposure along the edge of the quartz 
felsite for more than 14 mile, either the whole Bangor series is 
overlapped by the Cambrian conglomerate, or the latter by faulting 
is exactly fitted onto the igneous rock, and is composed of mate- 
rials wholly, or almost wholly, derived from it. 

(2) That in the space of about 1+ mile, measured at an angle of 
about 45° with the general strike, the Cambrian conglomerate 
changes from a rock consisting almost wholly of felsite to the mixed 
but different and more brecciated types of B and C,.and then returns 
to the more similar bed D, with its well-rolled pebbles. 

The annexed section (fig. 1) represents diagrammatically the result 
of the observations described in the above remarks ; and when we 
regard the general agreement in dips and the lithological character 
of the rocks, it seems more natural to consider the whole an ascend- 
ing series, and to extend the Bangor beds of Professor Hughes down 
to the quartz felsites. On the map (fig. 2) I have endeavoured to 
record the same observations as well as can be done on one of so 
small a scale. 

As regards the district between the Menai Strait and the fault 
running §.W. from Bangor down the valley, which has frequently 
been mentioned above, I have little to add, notwithstanding re- 
peated examination, to what I have incorporated in the fore- 
going remarks. Above the conglomeratic grits therein mentioned, 
and the great conglomerate extending from the shore by Gored 
Gith to the eastern entrance of the west tunnel, we find nothing 
but greenish or purplish slaty beds, occasionally slightly gritty, 
which perhaps generally agree better lithologically with the normal 
Cambrian than with these underlying beds; but the prevalent dip 
appears to carry them under the conglomerate. This same con- 
glomerate, so well exposed for a considerable distance, as traced 
by Professor Hughes (over half a mile), is a little perplexing. 
Felsite forms a much larger proportion of its materials than is the 
case in the conglomerate pierced by the eastern tunnel; and it seems 
intermediate between this and the one near Gorphwysfa*. Still, as 
it retains its character so uniformly for so great a distance, and ter- 
minates within less than half a mile of the Poorhouse quarry, we 
can hardly, I think, regard it as on the same horizon as the breccia 
(C), or, what would be simpler, identify it with that in the Hen- 


* This resemblance, and the occurrence of a patch of conglomerate between 
the two, caused the perplexity about the position of that near Gorphwysfa, men- 
tioned in Geol. Mag. decade 2, vol. vii. p. 302, which was not removed till 
1880. 
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drewen pit *. It does not, however, appear to me that the quartz 
and jasper grit and conglomerate west of the pier at Garth can be 
associated with the above. The following extract from my note- 
book explains the sequence of the rocks on this part of the shore :— 
‘ W. of the new slate-pier are dark beds, resembling in the upper 
part those on the other side of the pier mapped as Arenig, and in 
the lower becoming gritty and containing bands of small pebbles only 
a few inches thick, the general dip being 10°-20° S.E. Then we 
come to green and purple bastard slates, faulted down, and in places 
much disturbed in consequence, the prevalent dip (not easy to ascer- 
tain) being apparently 40° 8.W. Just west of the old slate-pier is 
a bank of screes of bastard slate and fine grit, among which I found 
bits of green breccia, reminding me of those seen above Bryniau, 
though in a much finer condition. About 150 yards east of the 
bathing-place green-banded argillites dip at about 40° S.E., and 
slaty beds then continue to the bathing-house, when the conglo- 
merate sets in, which, so far as one can ascertain, has an easterly 
dip.” If these observations are correct, it is evident the whole 
district is completely smashed up by faults. 

I have, however, found a rock, seemingly just on the north side of 
the main fault in the Caernarvon-road valley (in a quarry north of 
the crossing of the road from Maesmawr to Brithdir), bearing some 
resemblance macroscopically and microscopically to that at Tair- 
ffynnon; and in a pit at the back of Caemabadden Farm is a greenish 
grit, which, in its coarser parts, contains bits of green slate and red 
felsite, and may belong to the upper part of the zone between B and C. 
If I am correct in the position I assign to the bed A, then the whole 
series north of the fault has a strike rather to the east of N.N.E.; 
so that all the upper part of the Bangor series would be cut out by 
the faults which bring down the very Cambrian-looking beds above 
the cross roads at Pen-y-chwintain. 

Until the outcrops can be laid down on a map on the 6-inch 
scale, it will be hopeless to. come to any satisfactory conclusion in 
this complicated district north of the fault, and not easy to bring 
into complete order that on the southern side. I trust, however, 
that I have succeeded in showing that my original reading is the 
more simple explanation of the facts observed both in the field and 
with the microscope—namely, that there is a general ascending suc- 

‘cession in this district, and that under the name of the Bangor 
Beds we must include not only the green gritty slates and breccias 
assigned to them by Professor Hughes, but also a large lower group 
extending from A to a little above C. This group has probably 
derived much of its material from the denudation of the great 
masses of rhyolitic lava to the south-west, and the lapilli which are 
often present may have been derived from its associated cones. At 
the same time, seeing that these lavas appear generally to rest upon 
old gneissic and granitoid rock, the slaty fragments, often very 

* Which would be lithologically the least difficult, were not this grit ap- 


parently so completely “ sandwiched” between the Bangor grits and breccias 
and the Cae-Seri breccia. 
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angular, would not seldom be more simply explained by supposing 
that sporadic volcanic action still continued, and that indurated 
fragments of the finer sediments formed from the denudation of the 
somewhat older lavas and ash were ejected together with lapilli. 

I see no reason for insisting on any great interval of time between 
the rhyolitic lavas and the base of the Bangor beds. An uncon- 
formity there seems to be; but that in a volcanic series is of little 
moment ; and [ am of opinion that on the whole it would be better 
to include these quartz porphyries or quartz felsites (old rhyolitic 
lavas) with the Bangor group. This belongs to the disturbed episode 
anterior to the quiet subsidence which marks the non-volcanic sedi- 
mentary series everywhere recognized as Cambrian. From the 
latter we seem justified lithologically and physically in separating 
these more or less volcanic beds, and in including them for con- 
venience in the Pebidian group of Dr. Hicks; but the interval in 
time need not have been a very enormous one. Below the rhyo- 
lites, as it seems to me, is the great gap in the record. They appa- 
rently broke forth, as. the older basalts in Auvergne, upon a plateau 
of crystalline rocks which belong to some of the earlier, as these 
do to the last, chapters in the Archzan volume of the Geological 
History. i 


Note.—As I believe that no analysis has been published of any 
specimen from the great masses of quartz-felsite, which occupy so 
considerable an area in this part of North Wales and contribute 
so largely to the rocks immediately overlying them, I take this oppor- 
tunity of giving one, for which I have to thank my friend Mr. J. J. H. 
Teall, F.G.S. It was made from a very typical specimen of the 
common purplish variety, collected from the crag near Brithdir 
Farm (No. I.). For comparison, I place beside it an analysis of 
the “ devitrified pitchstone” of the Wrekin district (No. I1.), of a 
felstone (of Arenig age) from Aran Mowddwy (No. III.), and of a 
felsite of Bala age from the Lledr valley (No. IV.). The last, an 
analysis of a specimen of the ground-mass of the peculiar spherulitic 
rock described on p. 290 of vol. xxxviil. of the Quarterly Journal, 
was kindly undertaken forme by Mr. F. H. Hatch of University 
College, London, when I was engaged on my paper ‘“‘ On some Nodu- 
lar Felsites in the Bala Group of North Wales;” but the result, owing 
to an accidental delay, did not reach me in time for publication. 

The close correspondence between I. and II. is most remarkable. 
The Ordovician felsites (III. and IV.) agree fairly together, and 
differ from the other pair in a larger percentage of SiO,, a less per- 
centage of alumina and alkalies, and in an excess of Na,O over 
K,O 
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No. I. By J. J. H. Teall, Esq., F.G.S. 

No. Il. By J. A. Phillips, Esq., F.R.S., Quart. Journ. Geol. Soo. xxxiii. 
p- 457. Cf. the analyses there given of modern “ perlites.” 

No. III. By J. Hughes, Esq., F.0.8., Quart. Journ. Geol. Soc. xxxi. p. 400. 

No. IV. By F. H. Hatch, Esq. 


Discussion. 


Prof. Hugues remarked on the confusion among the Archean 
rocks arising from their classification according to similarity of cha- 
racter, previous to exact determination of their relations to one 
another in each area. He could not agree with the author in saying 
that any of the beds east of Brithdir now described were identical 
with those of Holyhead and Amlwch. He had failed to find any 
break or unconformity in the British Archean. He could not agree 
with the author as to the succession of grits and conglomerates in- 
dicated, as he took the strike to be in some cases at right angles to 
that assumed by the author; so that the author’s bands, according 
to him, were in one part to be referred to the Cambrian conglo- 
merate and in another part of the same band to the Bangor series. 
Noticing the frequency with which volcanic series, when traced along 
the strike, pass into ordinary sedimentary rocks, he thought that 
the relation of the Pebidian to beds not of volcanic origin in ad- 
joining areas might be regarded as still an open question. 

Mr. Trax stated that his analysis had been made quite inde- 
pendently of that of Mr. Phillips. 

Dr. Hicxs remarked on the discordance of strike of the Pebidian 
rocks from that of the beds above and below. The granitoid, felsitic, 
and volcanic groups of Prof. Hughes agreed fairly well with his 
Dimetian, Arvonian, and Pebidian; but neither of these is fully re- 
presented here. Unquestionably the Cambrian conglomerates over- 
lap each group with a marked unconformity, and are mainly made 
up of fragments derived from the groups below. This unconformity 


* Including ‘089 phosphoric acid, ‘017 of sulphuric acid, and a trace of 


carbonic acid. 
+ Traces, amount not estimated. 
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occurs in all the areas examined. He believed that the existence of 
the Arvonian would eventually be fully established. He thought 
that the author’s studies would serve to establish a fourth Archean 
series in addition to his own. 

Mr. Toptzy said it was admitted by the author that the uncon- 
formity between the Cambrian and underlying beds was compara- 
tively small and local; which was a very different conclusion from 
that previously announced by Dr. Hicks, who required the Cam- 
brian conglomerate to override some thousands of feet of Pebidian 
beds within a distance of little more than a mile. 

The AvurHor, in reply to Professor Hughes, said that he thought 
all the evidence pointed to the Menai and Holyhead schists, with 
others inland in Anglesey, being approximately of one age. In 
neighbouring districts and under similar circumstances, he thought 
lithological correspondence gave a reasonable presumption in favour 
of a general correspondence in age. In the Bangor district he was 
fully sensible of the difficulties mentioned by Professor Hughes, 
especially us regards the conglomerate at Gorphyswfa and the ex- 
posures between it and the great mass running up from the shore. 
Still, on the south-east side of the fault, he thought the succession was 
clear and the improbabilities of the identity of any of the coarser 
fragmental beds were too great. He said, in reply to Dr. Hicks, 
that he did not deny that there might be a series in South Wales 
representing what the speaker called Arvonian ; but in the Caer- 
narvonshire districts he could not find halleflintas, but there were 
true acid lavas. With reference to Mr. Topley’s remarks, he stated 
that what he had said was, that he considered there was, under the 
rocks generally recognized as Cambrian, a series sufficiently distinct 
stratigraphically and lithologically to justify, in accordance with 
the usual laws, the giving of a separate name (7. ¢. Pebidian). 
Whether Dr. Hicks or Prof. Hughes might or might not have over- 
estimated the amount of the break, whether they agreed or disagreed, 
clearly was for them and not for him to settle. Each man, in the 
matter of mistakes, if he made them, must bear his own burden, as 
the author had done by his remarks admitting a mistake of his own 
at Twt Hill, which had been corrected by Prof. Hughes. 
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28. Norzs on some Fossits, chiefly Mottusca, from the Inrerior 
OorrtE. By Rey. G. F. Wuipsornz, M.A., F.G.S. (Read 
March 7, 1883.) 


[Puates XV.-XIX..] 


Ty surveying the Inferior Oolite as it appears in the West of Eng- 
land generally, the conditions of. deposition seem to differ from 
those of the Great Oolite as displayed at Minchinhampton, where, 
in the great frequency of rolled and broken organisms and the ex- 
treme false bedding, we have indications of a shore-deposit formed 
by a roughish sea. The fossils of the Inferior Oolite, on the other 
hand, are usually better preserved and unbroken; they are often 
crowded, and lie one inside another, but rarely show great signs of 
being rolled; so that they do not seem to have been much exposed 
to actual breakers. At the same time the strata would appear to 
have been often laid down in shallow water; such shells as oysters, 
pectens, and astartes are frequent; the univalves are often spinose 
and nodular; signs of vivid colouring occasionally remain; corals 
and sponges commonly occur ; and the shell-structure of many species 
is massive, owing to their not being deep-sea forms. 

It is interesting to notice the great definitiveness with which beds of 
different shells succeed each other. For instance in the iron-shot beds 
of Dundry there is hardly a sign of a Terebratula or of the common 
form Pholadomya Heraulti, while in adjacent beds these two fossils 
occur in crowds; a little higher up corals are common, while the mol- 
lusea are, toa great degree, absent. In thesame way in Dorsetshire 
beds appear very full of sponges, though these are very rare in other 
parts of the formation; nor is it less striking to observe the thick 
beds of sand which are locally interposed at various horizons. We 
may therefore believe that the deposits were formed at an irregu- 
larly varying level, but in shallow water, and probably not near the 
entrance of any river. 

The absence of the vertebrata is marked; but a Strophodus 
occurs at Broadwindsor, and an Oaxyrhina? at Dundry. Acrodus 
is quoted by Phillips, in his ‘ Valley of the Thames,’ from near 
Stroud, and teeth and palates by Wright in the Quart. Journ. Geol. 
Soc. vol. xvi.p. 40, from Rayvensgate Hill. Iam not aware of any other 
species till we come to the rich Sevenhampton and Stonesfield beds, 
with their vertebrata and even mammals. 

The large size of the mollusca, especially Pelecypoda or bivalves, the 
great number and variety of gigantic Cephalopoda, and the presence 
of numerous fine species of corals and Echini would point to a tem- 
perature considerably warmer than at present. On the whole, the 
fossils would appear to Increase in size and variety as we go south- 
wards. This is less seen in the Lamellibranchs and Brachiopoda 
than in the Cephalopoda and Gasteropoda. These latter are rare in 
the Cotteswold and Midland districts, common at Dundry, and abun- 
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dant in Dorsetshire. The large size of the mollusca at Dundry 
is very noticeable in the field. 

In the highest part of the Humphriesianus-zone at Dundry very 
numerous nodules occur of a more or less egg-shaped form. These 
I at first thought to be sponges; but, upon having them tested and 
sliced for microscopical examination, Mr. Sollas could find in them 
no clear remains of structure. They consist of fine marly limestone, 
have a well-defined rounded surface with one or two deep depressions, 
and appear generally to have a coral as nucleus. In spite of finding 
no structure, I cannot help believing them to be of organic origin, 
either allied to the Nullipores or some such growths as we now so often 
find about low-water mark. If so, they would indicate still further 
the depth at which the deposit was formed. 

In the following descriptions I have confined myself almost ex- 
clusively to the Lamellibranchs. Having been permitted by Prof. 
Sollas to study those in the Bristol Museum, several species among 
them seemed to me undescribed ; and I was confirmed in this opinion 
by the fact that the late Mr. Tawney, when he had arranged these 
shells a few years before, had left them without names. After this 
I was enabled, by the kindness of Dr. Woodward, Mr. Etheridge, and 
Mr. E. T. Newton, to examine the shells from the same strata in the 
British and Jermyn Street Museums, and there found some additions 
to the list. Other species are from my own collection. To these 
bivalves I have added one or two other fossils that appeared to me 
of interest. J am under great obligations to Mr. Etheridge, F.R.S., 
and other friends for assistance in respect to several of the following 
species, and to Mr. Foord, F.G.8., for the careful drawings which 
accompany this paper. 


ANCYLOCERAS WatrtontI, Morr. Plate XIX. fig. 1. 


1845. Ancyloceras Walton, Morris, Ann. & Mag. Nat. Hist. vol. 
KV, b. O. ules i, 
1845. ? A. costatus, Morris, Ann. & Mag. Nat. Hist. vol. xv. t. 6. 
fig. 4. 
°1849. A. subannulatus, D’Orb. Pal. Fr. Amm. Jur. t. 225. figs. 8, 9. 
1881. A. subannulatus, Buckman, Q. J. G. 8. vol. xxxvul. p. 607. 


D’Orbigny gives Morris’s two species as synonyms for A. annu- 
latus(Desh.); but as his chief reason for separating his A.subannulatus 
from the former shell appears to be the permanence of the ribs on 
the dorsal side, and as this is very decidedly seen in the form which is 
common at Burton Bradstcck, there seems to be no reason for sinking 
Morris’s name. Whether his two species are not different portions 
of the same shell would seem more doubtful, both from.an exami- 
nation of specimens and a comparison with D’Orbigny’s fine figure 
of the kindred A. annulatus. Morris, in the second edition of his 
Catalogue (1854), unites the two species; Buckman ((oc. cit.) in 1881 
again separates them. 


ToxocEras Orpienyi, Baugier & Sauzé. Plate XTX. fig. 2. 


1843. Toxoceras Orbignyt, Baug. & Sauz. Not. sur quelques Coq. 
do. es, aS. 


set 
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1849. 7. Orbignyt, D’Orb. Pal. Fr. Amm. Jur. t. 231, & t. 232. 
nes. 1 & 25 

1881. 7. Orbignyt, Buckm. Q. J.G.S. vol. xxxvil. p. 608. 

Mr. Buckman records its occurrence in the Inferior Oolite of Half- 
way House, and the specimen from which the accompanying figure 
is taken came from the same locality. 


OsTREA CONCENTRICA, Miinst., var. munpDAs. Plate XV. fig. 1. 

1834.? Ostrea concentrica, Minst., Goldf. Petr. Germ. t. 80. fig. 1 
(only ?). 

1836.? O. lingua, Rom., Verst. ool. Geb. t. 3. fig. 6 (also figs. 7 
& 12). 

1837.2? O. multiformis, Koch & Dunker, Verst. nordd. Ool. t. 5. 
fig. 11 (part). 

1850.? O. multiformis, D’Orb. Prodr. pt. 2, p. 54. 

1853.? O. Sowerbyz, Morr. & Lyc. Gt.Ool. Moll. pt. 2, t. 1. fig. 

1861.? O. multiformis, Thurm. & Kt. Leth. Bruntr. t. 39. fig. 

1864.? O. multiformis, Seeb. Hann. Jur. p. 94. 

1871.2? O. Sowerbyi, Phill. ‘ Valley of the Thames,’ t. 4. fig. 3. 

1871.? O. Sowerbyi, Terg. & Jour. Mém. Soc. Géol France, sér. 
2, vol. ix. pp. 133, 134. 

?1871. O. concentrica, Terg. & Jour. Mém. Soc. Géol. France, 
sér. 2, vol. ix. pp. 133, 134. 

Shell nearly flat, equilateral, very long and narrow, egg-shaped, 
but more pointed at umbo, which represents the small end of the egg. 
Umbo central, acute and distinct, but very small. Margins in a 
very continuous and similar curve on both sides. Right valve nearly 
flat and slightly smaller than the other, which is rather more convex, 
and has coarse, irregular, and sometimes slightly nodulous growth- 
lines crossing the shell in low curves, so as to be lost in the sides, 
and not symmetrical with the marginal curve. 

Dimensions. An unusually large specimen measures 24 inches in 
length. 

Three specimens in the Jermyn-Street Museum from Sudely Hill 
and the Parkinsoni-zone of Cheltenham. ‘These specimens are of a 
neat and regular form, and appear very like Goldfuss’s species, to 
which, I suppose, they belong, but are rather longer, and would 
appear to have a smaller hinge. A much larger but similarly 
shaped shell in the British Museum, comes from the Inferior Oolite of 
Glastonbury. Small oysters are frequent at Dundry, which are 
coarse and irregular in shape; but it may be that these belong to 
the same species. If so.it would be a very variable shell, and 
correspond with O. lingua, O. multiformis, &c. of the higher Jura, O. 
Sowerbyi possibly being an extreme variety. 

The Jermyn-Street fossils have two or three longitudinal, parallel, 
rugose marks on the right valve, not centering in the umbo, but 
probably taken from some substance of attachment, after the manner, 
as Mr. Newton pointed out, of Ostrea irreqularis, Miinst. 

Whether Terquem’s shell is the same may be doubtful, as he 
states it to be a thin and slightly rayed shell, which does not ap- 
pear from Goldfuss’s figure or description. 


3. 
5. 
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OsTREA ExPLaNaTA, Goldf. 
1768. Concha margaritifera, Knorr, Ree. vol. ii. pt. 1, t. D. 6. 
figs. 1, 2. 
1820. Ostracites eduliformis, Schloth. Petref. p. 233 (pars)? 
1832. Ostrea eduliformis, Ziet. Verst. Wiirtt. t. 45, fig. 1. 
1832. O. Kunkel, Ziet. Verst. Wirtt. t. 48, fig. 1 (fie Oppel). 


1834. O. explanata, Goldf. Petr. Germ. t. 80. fig. 5 
1834. O. menoides, Goldf. Petr. Germ. t. 80. fig. 2. 
1836. O. scapha, Rom. Verst. nordd. Ool. t. 3. fig. 1. 
1857. O. explanata, Oppel, Wirtt. Jahresh. xiii. p. 422. 
1858. O. eduliformis, Quenst. Jura, p. 430. 
1864. O. eaplanata, Seeb. Hann. Jur. p. 92. 

O. 


_ 1867. O. cf. eduliformis, Waagen, in Benecke geogn.-pal. Beitr. 
vol, i. p. 635. 
1867. O. eduliformis, Laube, Denkschr. Akad. Wiss. Wien. Band 
xxyul. Bivalven von Balin, p. 8. 
1869. O. eduliformis, Brauns, Mittl. Jura, p. 276. 


This is a large ovoid flattish shell with a smooth surface, marked 
only by the usual growth-lines and a few obscure and irregular 
wrinkles or bulges. It has a large and very transverse ligament, 
and a large circular muscle-mark. It is less inequilateral than O. 
deltowdea, Sow., and is more convex than that species. 

There are specimens in the Bristol Museum from the Humphrie- 
stanus-zone of Dundry; in the Jermyn-Street Museum from Cleeve 
Cloud; and in the British Museum from Leckhampton. The last 
is a very fine fossil, measuring about 5 inches in length. Sharp 
(Q. J. G. S. vol. xxix. p. 292) quotes a “large, flat species” from 
the Northampton Sand, Lincolnshire Limestone, and Great Oolite, - 
which is very possibly the same shell. 

Its nomenclature seems confused from the doubt whether Zieten 
was correct in his identification of Schlotheim’s shell. Quenstedt, 
Laube, and Brauns accept his determination, while Oppel supposes it 
to include another species. D’Orbigny, for some reason, supposes 
O. eduliformis, Schl., and O. scapha, Rom., to be synonyms of 
G. dilatata, whereas Schlotheim himself describes that shell as 
distinct. 

Von Seebach quotes it from the “ Coronatenschichten,” which seem 
to be equivalent to our Humphriesianus-zone ; and Oppel gives it as 
occurring with that Ammonite. 

As Schlotheim’s shell is stated to come from the “ Gryphitenkalk ” 
(=Lower Lias), to be sometimes of the size and shape of a man’s 
head, and to be known as Ostracites ponderosus, it would seem that 
his name was probably a synonym for Hippopodium ponderosum, 
Conyb., and therefore that Goldfuss’s name is the proper one to 
apply to this fossil. 


OstREA Kworrit, Voltz. Plate XV. figs. 2,3, 3 Oh. 
1768. Ostrea, sp., Knorr, vol. ii. pt. 2, t. D. 5*. figs. 5, 6. 
1832. Ostrea Knorrii (Voltz), Zieten, Verst. Wirtt. t. 45. fig. 2. 
1834. O. costata (pars), Goldf. Petr. Germ. t. 72. fig. 8. 
1836. O. costata, Romer, Verst. ool. Geb. p. 59. 
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1849. O. Knorr, D’Orb. Prodr. vol. i. p. 257. 

1857. O. Knorrit, Oppel, Juraform. p. 493. 

1858. O. Knorrii, Quenst. Jura, t. 66. figs. 37-42. 

1864. O. Knorrii, Seeb. Hann. Jur. p. 93. 

1869. O. Knorrit, Brauns, Mittl. Jur. p. 278. 

1871. O. Knorrii, Terg. & Jourdy, Mém. Soc. Géol. France, ser. 2, 
vol. xix. p. 133. 

This little shell differs from Ostrea cosiata, Sow., by being much 
more finely and regularly rayed. The rays are more rounded and 
simpler, and the shell is, as a rule, more convex. 

It occurs abundantly in the Inferior Oolite of Bradford Abbas 
and in the Fuller’s Earth near Frome. There are also specimens 
in the British Museum from the Fuller’s Earth of Box, and 
Von Seebach states that Mr. Day found it in the same beds near 
Bridport. 

Those from the Inferior Oolite seem to attain a larger size than 
the others; but, as pointed out by Oppel, Terquem, &c., the number 
and nature of the ribs and its pear-like form render it easily sepa- 
rable from Sowerby’s shell, with which Goldfuss has confounded 
it. Dr. Brauns wrongly identifies it with O. subrugulosa, Morr. & 
Lye., from which it is very distinct. 

The area of attachment is usually small, but occasionally forms 
a flat surface over the upper half of the shell, and one of my spe- 
cimens has taken the marks of a Pecten over the greatest portion 
of its exterior. The right valve is smooth and flat in our English 
examples; and this, which agrees with Quenstedt’s definition, 
throws the only doubt over the correctness of its identification, as 
Zieten’s figures give similar ribs on both valves. As, however, he 
quotes it from the Fuller’s Earth, it may be supposed either that 
his was an exceptional or aged example, or that there is a mistake 
in the drawing. This is the more likely, because in O. costata, 
Sow., the flat valve is generally as smooth as he describes it, but 
in aged examples it is sometimes as strongly ribbed as the other. 
Moreover, Romer says that in this species it is generally smooth, 
but sometimes rayed ; and Knorr’s excellent and characteristic figure 
also gives it ribbed. 


Note on Ostrea costata. 


An inspection of Sowerby’s original specimens in the British 
Museum can leave no doubt of the correctness of Morris & Lycett’s 
determination, the roundness of the ribs to which he refers being 
very slight, and probably due to the youth of his Ancliff specimens. 
Larger fossils in the Lycett collection are extremely like miniatures 
of O. Marshit, Sow., and might well be imagined to be the young of 
that species, were it not that in its early stage it is stated by Morris 
and Lycett to be almost ribless and akin to O. sulcifera, Phill. 
Again, intermediate between them comes 0. solitaria, chiefly from 
the Corallian, though fossils from the Inferior Oolite of Yorkshire 
are referred to it in the London museums. It seems to have a 
definite shape and facies of its own, besides being nearly confined 
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to the Higher Oolites, which would hardly be the case were it a 
young form of O. Marshw, which is common below and rare above, 
though extending to the Kimmeridgian. 

It seems doubtful whether O. costata is really found in our Bajo- 
cian. Lycett quotes it in the ‘Annals,’ 1850, from the Oolite Marl 
of Minchinhampton; and Sharp, in the Quarterly Journal, from 
Northamptonshire ; but the former altogether omits it in his ‘ Hand-- 
book to the Cotteswold Hills. A small oyster, between O. costata 
and O. Knorr, but distinct from both, is very common in the 
Murchisoni-beds of Crickley, and occurs in those of Minchinhampton. 
It may be akin to O. rugosa, Goldf., as.it is nearly smooth at first, 
though it develops peculiar rounded ribs as it increases in size. 


OsTREA PALMETTA, SOW., Var. MONTIFORMIS. 


1815. ? Ostrea palmetta, Sow. Min. Conch. t. 111. fig. 2. 
1834. O. rastellaris(Munst.), Goldf. Petr.Germ. t. vi fig. 8 (pars). 
1853. O. gregaria, Morr. & Lye. Gt. Ool. Moll. pt. 2, t. 1. fig. 2. 


1854. O. gregaria, Morr. Cat. Brit. Foss. p. 173. 

1871. O. gregaria 2 Phill. ‘ Valley of the Thames,’ t. 10. fig. 4. 

J am unable to believe that the oyster which commonly occurs in 
our Great and Inferior Oolites, and has been referred to O. gregaria, 
Sow., really belongs to that species. Its size, the precipitousness 
and irregularity of its ribs, and its gregarious habits seem to define 
O. gregaria. Nor am I satisfied that O. palmetia, Sow., is more than 
a poor specimen of the same; for, from his description, it would 
appear to have come from the Oxford Clay; but as it has been 
stated by some to have come from the Great Oolite, I have retained 
the name for the present. 

Morris and Lycett’s figure ey belongs to the shell that occurs 
at Dundry, Cheltenham, &c.; but itis a highly variable form. Mr. 
Tawney seems to have joined it to O. Marshii, Sow., as he has placed 
shells of all sizes on a single tablet with that name. 

Besides the ordinary forms, I have found shells at Dundry and 
Crickley which, with another Dundry fossil in the Bristol Museum, 
seem undistinguishable from the shorter varieties of O. rastellaris. 
These are right valves, with a long, smooth, central convexity, sud- 
denly surrounded by thirty or forty acute, simple, parallel ribs. 
Their length is about twice their width, and their general shape 
neat and regular. It is, however, impossible to determine the spe- 
cific value of so variable a form without a larger number of ex- 
amples. 


OsTREA PyRUS, nu. sp. Plate XV. figs. 4, 4a. 


Shell small, long, very narrow, the length from the umbo being 
nearly twice the breadth ; very deep below, the greatest depth being 
just over the inferior margin. 

Umbo of left valve small, acute, and terminal, with an acutely 
triangular ligamental groove; surface smooth. 

The surface of attachment runs down the centre of the shell, and 
is, 1n all instances, long, narrow, and very concave. as though it had 
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been attached to a long Polyzoon, Encrinite, or some such object. The 
general shape is that of a slightly squared and oblique pear, the 
anterior edge being squarely convex, the posterior straight, the in- 
ferior straight, but curving suddenly to meet the lateral parts. The 
back is flat, and the three sides are so steep as to be nearly perpen- 
dicular to the marginal plane. The surface has one or two irregular 
and indistinct growth-swellings, but is otherwise smooth, except 
for a few accidental bulges. 

There are several specimens of this shell in the Sharp Collection 
in the British Museum, from the “ Barnack Rag.” 

Mr. Sharp’s fossils have been labelled “ Ostrea sulcifera, Ph.= 
Ostrea flabellordes, jun.” It does not seem at all similar to either 
of these species. It shows no sign of radiation, is of quite a 
different size and shape, and has always very steep deep sides, 
whereas the sides of O. Marshiit, Sow.=O. Sfrabellordes, Lam., are 
essentially flat. In Brown’s ‘ Fossil Conchology’ a similar shell 
is figured and described as O. sulcifera. Gryphea mima, Phill. 
Geol. Yorksh. vol. i. t. 4. fig. 6,is a very much more transverse and 
undefined shell. 

The largest specimen measures 7 lines in length by 4 in breadth 
and 2 in depth. The others are decidedly smaller; some are com- 
paratively wider, but in these instances they seem to be deformed. 


OsTREA SPHHROIDALIS, n. sp. Plate XV. figs. 5, 6. 


Left valve large, hemispherical, smooth. Umbo small, central, 
prominent, and compressed. Hinge-margin wide, nearly straight. 
Ligamental groove large, much wider than long. Shell thin, very 
convex, but flattened on each side of the umbo, so as to form two 
indistinct wings. Surface with laminar growth-bulges. Muscle- 
mark rather small, circular, and subcentral. Right valve flat. 

Size. 22 inches in length and width, and 1 inch in depth. 

This handsome and well-characterized oyster is common in the 
shelly bed at the base of the Inferior Oolite near Yeovil Junction. 


GRYPHHA ABRUPTA, n.sp. Plate XV. figs. 7, 7 a. 


Shell very convex, triangular, inequivalved. Left valve divided 
into two portions by a smail deep groove starting from the surface 
of attachment, and running obliquely down the shell. The part of 
the shell anterior to this equals two thirds of the whole surface, 
and is regularly convex; the portion posterior to it first swells out 
into a straight rounded ridge (starting nearly from the umbo, and 
bordering the groove), along which is the greatest diameter of the 
shell, and immediately behind this the surface is so suddenly de- 
pressed and flattened that it cuts the marginal plane almost at right 
angles on the posterior side. The umbo is large and well developed, 
but truncated by a small flat surface of attachment, which seems 
always to occupy a similar position on the shell. The shell: is 
smooth and thin compared with that of G. sublobata (Desh.), and 
shows occasional irregular lines of growth. 

Length 2 inches, width 13 inch, depth 10 lines. 
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Three specimens in the Bristol Museum and one in my collection 
from Dundry. 

Mr. Tawney considered this form to be new; and I am aware 
of no described species that approaches it. In shape and style 
it mimics Trigonia costata, Park., in a curiously striking way. 


GRYPHMA CYGNOIDES, n. sp. Plate XV. figs. 8, 8a. 


Shell narrow, subtriangular, much inflated. Umbo very promi- 
nent and elongated, narrow and much incurved, arching regularly 
round, with the point inclining and facing backwards; covered with 
ten or twelve coarse irregular rounded rays or frills over the re- 
curved portion, which are about half an inch long, and vanish 
rather suddenly, leaving the rest of the shell smooth, except for 
fifteen or twenty very irregular and well-developed growth-edges at 
nearly equal distances over the rest of the shell. Surface divided 
into two very unequal lobes by a very strong sulcus, which reaches 
the umbo. Posterior lobe very convex, narrow, and only slightly 
increasing in width downwards. 

Length 3 inches, breadth 2 inches. 

Locality. Broadwindsor. One specimen in the British Museum 
and one in my collection. 

The left valve is just like that of G. ineurva (Sow.), to which the 
present shell bears much resembiance, except that the umbo is nar- 
rower and more highly arched, and that the greatest length is much 
nearer the inferior margin, which is much straighter and less convex 
than in Gt‘. encurva. 

G. calceola, Quenst. Jura, t. 48. fig. 1, 1s very similar, but differs 
by having no plaits on the apex, and by the umbo being even more 
arched and enlarged. It may, however, be possibly only a variety 
of this shell. 


GRYPH#HA CyMBIUM, Lam. 

1819. Gryphea cymbium, Lam. Anim. s. Vert. vol. vi. p. 198. 

1834. G. cymbium, Goldf. Petr. Germ. t. 85. fig. 1. 

1849. G. cymbium, D’Orb. Prodr. vol. 1. p. 238. 

1852. G. cymbium, Buv. Stat. Géol. de la Meuse, t. 5. figs. 5, 6, 7. 

1853. G. cymbium, Chap. & Dew. Foss. Lux. pt. 1. t. 33, fig. 1, and 
t. 34. fig. 1. 

1854. G. cymbium, Morris, Cat. Brit. Foss. p. 168. 

1854. G. cymbium, Brown, Foss. Conch. t. 61, figs. 22, 23. 

There is a fine specimen of this Middle Lias form from the Hum- 
phriesianus-zoue of Dundry in the Bristol Museum. It is an elon- 
gate, pear-shaped, convex, left valve, with an indistinct sulcus 
forming an unprojecting wing, and a large curved umbo bending 
backward. It comes exactly between two ordinary Middle Lias 
specimens in the same museum. 

It was identified by Mr. Tawney, who has added a note to it, 
“Certainly from Dundry, as labelled,” in which assertion, after ex- 
amining the matrix, I believe him to be right. 

It is possible to imagine it a remanié shell from the Lias, as the 
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species is a very strong and massive one; but the specimen is quite 
as well preserved as the usual run of fossils from the same beds. 

Sowerby quotes it as from the Inferior Oolite, but gives as its 
locality Ilminster, where it is found in the Middle Lias. 


GrypHma SoLtasi, n. sp. Plate XV. figs. 9, 9a. 


Left valve deep and evenly convex, with a slight irregular depres- 
slon running slantways across it from the front of the umbo back- 
wards, which may be accidental rather than indicative of a lobe. 
Umbo small and but slightly developed, and curving half-way round, 
so as to approach Hwogyra. Lines of growth irregular, bearing 
occasional impressions oi sharp thorn-like spines in the marginal 
regions. Marginal curve deep and continuous. 

Right valve very thick and flat, with a short, straight hinge-line, 
which shows the nucleus of the umbo at the extreme anterior 
corner. 

Locality. Dundry. One specimen in the Bristol Museum. 

Dimensions. 21 lines long, 15 wide, and 9 deep. 

Gryphea plicata, Lyc. Ann. & Mag. Nat. Hist. 1850, and Brown, 
Foss. Conch. p. 149, and t. 61. figs. 26-28, is quite a different shell. 


Exoeyra Davipsoni, n. sp. Plate XV. figs. 10, 10a. 


Left valve large, convex, smooth. Umbo proximate and very 
much curved backward over the hinge-margin. Surface of attach- 
ment large. Substance of shell lamellar, thin towards the margins. 
Hinge-line very large. Surface covered by fine and irregular growth- 
marks. Convexity greatest along the central line of the shell, where 
it forms a rounded ridge with steep sides, which arches very rapidly 
down to the umbo. 

Dimensions. About 24 inches long, 2 inches wide, and 1 inch deep. 

This fine fossil is from the Inferior Oolite of Frocester Hill, and it 
appears to be a well-marked species, somewhat like Ewogyra sinuata, 
Sow., of the Greensand, but steeper. The hind margin of my specimen 
is unfortunately defective. It was apparently attached to another 
specimen of the same species. The sandy beds from which it comes 
appear to belong to the lower part of the Murchisoni-zone. 

Chapuis & Dewalque, in Foss. Lux. pt. 1, t. 32. fig. 5, figure an 
Exogyra something similar but much smaller as O. arcuata, Lam., 
var. suilla, Schl., referring to Goldfuss. Goldfuss’s figure, however, 
of O. swilla is quite unlike our shell; and a Norman specimen 
in the British Museum shows it to be rightly classed as a Gryphea. 


ExoGyRus GLoBULUS, n. sp. Plate XV. figs. 11, lla. 


Shell small. Left valve with the surface rather indistinctly nodu- 
lous, very convex, forming a sharply rounded ridge near the centre 
of the valve, from which the anterior side slopes down at an angle 
of 45°, and the posterior at about 15° from the perpendicular. 
Margins forming an almost complete circle, so that the depth equals 
the length, and is a little less than the width. Umbo small but weil 
developed, concave posteriorly, the central ridge becoming on it a 
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raised spiral edge. Muscle-mark circular, almost in the exact 
centre of the posterior aspect. 

From the lower green bed of the Northamptonshire Oolite. Two 
specimens in the Sharp Collection in the British Museum, probably 
from Duston. 

Dimensions. 4 lines. 

The only remaining parts are moulds of the left valves. Its 
distinct reflected umbo at once distinguishes it from G. mima, Phill., 
while, according to Morris & Lycett, Hxogyra auriformis, Goldf., 
has a large adhering surface on its left valve, and its right valve 
has a flat and subspiral but very much larger umbo. 

Exogyra lingulata, Morr. & Lye. pt. 2, t. 32. fig. 2, is a much longer, 
narrower, and larger shell. Brown, however, in his ‘ Fossil Concho- 
logy,’ t. 61. figs. 10-12, and p. 149, gives a shell which is much 
nearer the present species. This shell, Gryphwa minuta, Sow., Min. 
Conch. t. 547. fig. 4, as figured and described in Lycett’s Supple- 
ment, differs by having a much larger and more direct beak, which 
is ‘‘closely pressed,” and a more rounded and flatter surface. 
Though Sowerby’s own figures are more like, his original specimens 
in the British Museum show that though it is an Hwogyra, its umbo 
is much more terminal, and its anterior side more expanded, so that 
its mould would be flatter and less defined. 


Pracuna Ruprrrina, n. sp. Plate XV. figs. 16, 16 a. 


Left valve convex, very thin. Hinge-line small, wide, eden- 
tulous, transversely striated. Cartilage-grooves small, narrow, con- 
cave, equal, each inclined at an angle of more than 45° to the per- 
pendicular. Between these and the binge are two oblique raised 
spaces or rounded ridges penetrating the general concavity of the 
interior for a short distance. Muscular impression long, narrow, 
but slightly expanding as it extends from the hinge two thirds down 
the centre of the shell, where it ends with a slight curve forwards, 
and defined by a slightly raised boundary line. Umbo acute. Hinge- 
area bounded by short straight lines. Anterior margin very convex, 
posterior nearly straight, posteto- -inferior corner subangular. Sur- 
face most convex near posterior side. 

Dimensions. Length 3 inches, width 22 inches, depth 1 inch. 

One specimen in the Sharp collection in the British Museum, 
from the Inferior Oolite of Duston. 

This specimen is only a cast, but it appears to give all the cha- 
racters of the she]l except the exterior markings, and to be so re- 
markable as to be worth noticing. It does not belong to Lycett’s 
genus Placunopsis, which differs in having a single and central car- 
tilage-groove, and in the style of the muscular impression, while the 
species described by him under that genus are all very much smaller 
and of different contour. 

On the other hand, Prof. Rupert Jones (after whom I have the 
pleasure of naming it) having labelled it “‘ allied to Placuna of Indian 
and Chinese seas,” and Mr. Etheridge having very kindly compared 
it with recent specimens, there remains. I think, no doubt that it 
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belongs to that genus. It has the same cartilage-grooves, wide 
hinge, and thin test ; and, on the presumption that the lines between 
the horse-shoe anterior mark, the circular posterior one, and those 
joining the latter with the hinge in the recent shell, are lost or 
almost imperceptible in the fossil cast, there is almost exact agree- 
ment in the muscular impressions. 


PLACUNA SAGITTALIS, n. sp. Plate XV. fig. 17. 


Right valve elongated, oblique, longitudinally flat, transversely 
convex. Apex small, posterior, facing backwards, marginal, not 
raised above the surface of the shell. Hinge-margin nearly straight, 
the posterior part much shorter than the anterior, and inclined at 
a slight angle to it. Shell transparent, very thin. Hinge-markings 
visible through the shell; two long (4 lines), narrow, oblong, carti- 
lage ridges, meeting at an angle of about 45°, between which are 
possibly small ones bounding a concave groove. Surface covered 
by very crowded and fine concentric thread-like striz which become 
waved near the margins, and more distant and regular lines of 
growth. On the lower part are numerous very indistinct and 
broken longitudinal swellings, and a few rows of distant cavities, 
like reversed arrow-heads, which tend to form radiations. 

Locality. Dundry. I have only obtained a single specimen. 

Dimensions. Length 16 lines, width 16, depth 2. 

On one portion of the surface is a possibly attached fragmentary 
surface of plain shell, covered by numerous minute ovals, which 
may represent fry. 

Placunopsis oblonga, Laube, ‘ Bivalven von Balin,’ t. 1, fig. 8, closely 
approximates to it, but is finely radiated, and differs in the size 
and position of the umbo. 


PLACUNOPSIS SEMISTRIATA, Bean, sp. 


1839. Anomia semistriata, Bean. Mag. Nat. Hist. 1839, p. 61, 
fig. 21. : 

1863. Placunopsis semistriatus, Lyc. Suppl. Moll. t. 33. figs. 9, 9a. 

I have found a specimen of this shell in the interior of Terebratula 
perovalis at Dundry, in the same way as those described from the 
north of England. 


Prcren aRatus, Waagen. 


1867. Pecten aratus, Waag., in Benecke’s geogn.-pal. Beitr. t. 31. 
fig. 4. 

This large, round, and flat shell is distinguished from P. lens, Sow., 
by the multitudinous and finely radiating river-like markings of the 
eared valve, which continually bifurcate and often disappear as they 
approach the margins. From P. cinctus, Sow., it is also distinguished 
by the absence of the regular lines of growth and by its very much 
smaller size. 

The other valve is also flat. Its central part is covered with 
circles of verv coarse puncta, which coalesce into an irregular zigzag 


498 REV. G. F. WHIDBORNE ON SOME FOSSILS 


ornamentation in the more distinct portions, and become radial at 
the margins. 

There are specimens in the Bristol Museum from the Humphriesi- 
anus-zone of Dundry, in the Jermyn-Street Museum, from near 
Grantham, and in the British Museum from Northamptonshire 
and the Lower Trigonia-Grit of Leckhampton. 

The species was originally described from the Sowerbyi-zone of 
Gingen. 

It seems to be a very variable shell both in shape and markings. 
The left valve is sometimes marked similarly to the right, and some- 
times the radiations almost entirely disappear. 

A fossil in the Sowerby Collection seems to belong to this species. 


PECTEN coRNUTUS, Quenst. PI. XVI. figs. Ty De? ae 


1852. Pecten cingulatus, Quenst. Handb. t. 40. fig. 41. 

1858. P. cornutus, Quenst. Jura, t. 74. fig. 10. 

Hach valve smooth, nearly flat, rather longer than wide, orna- 
mented interiorly by nine or ten rounded radiations, which termi- 
nate abruptly before reaching the margin. Right valve with 
anterior ear moderately notched, posterior ear rather larger. Left 
valve with ears equal, produced triangularly beyond the umbo, 
and covered beneath with fine longitudinal strie. 

This shell was at first described by Quenstedt as the P. congulatus 
of Phillips, Geol. of Yorkshire, tab. 5. fig. 11, quoted and figured 
by Goldfuss on his plate 99. fig. 3 (though the English author him- 
self gives no name in his edition of 1829). In his “Jura,” 
however, he correctly distinguished it, and called it P. cornutus, on 
account of the horn-like wings. Its internal rays at once separate 
it from P. denvssus, Phill. 

In the Jermyn-Street Museum there are fine specimens of both 
valves from Bridport, only differmg from Quenstedt’s figure by 
being slightly wider, and having, perhaps, less elongated horns. 
Another from Leckhampton, probably belonging to the same species, 
has much longer horns, marked at the base by two sharp transverse 
ridges. As its surface shows some slight signs of tesselation, some 
of the small specimens common at Dundry and the Cotteswolds, and 
usually classed as P. personatus, Goldf., may, from their likeness to it, 
eventually prove to be the young of this form. 


PrcrEen pEmissus, Phill. Pl. XV. fig. 15. 


1829. Pecten demissus, Phillips, Geol. Yorksh. vol. 1. t. 6. fig. 5. 
1835. P. demissus, Goldfuss, Petr. Germ. t. 99. fig. 2. 

1836. ? P. vitreus, Rom. Verst. ool. Geb. t. 13. fig. 7. 

1849. P. demissus, D’Orb. Prodr. sect. 12, no. 214. 

1853. P. demissus, Lyc. & Morr. Gt. Ool. Moll. pt. 2, t. 14. fig. 7. 
1858. P. demissus, Quenst. Jura, t. 44. fig. 14. 

1864. P. demissus, Seeb. Hann. Jur. p. 101. 

1869. P. demissus, Brauns, Mittl. Jur. p. 270. 


This species, which is common and often very large at Dundry, 
and occurs in the Purkinsoni-zone of the Cotteswolds and at Broad- 
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windsor as well as in the Northampton Sands and Lincolnshire 
Limestone, has a very wide upward range through the Great Oolite, 
the Cornbrash, and the Kelloways to the Coral Rag. 

D’Orbigny gives P. vitreus, Rom., as a synonym. This shell is 
much more circular than the usual figures of P. demissus (vide 
Phill.), and appears to approach P. disciformis, Schubl., as figured 
by Chapuis & Dewalque (pt. 1, t. 31. fig. 2), which, however, seems 
equal to P. corneus, Sow. The last-named authors, in fact, unite 
P. corneus and P. demissus of Goldfuss (non Sow. or Phill.), stating 
that they only differ in “the shape of the wings, which is not a 
constant character.” Waagen, again, seems to consider our shell 
distinct from P. disciformis, with which Brauns unites it as well as 
with P. spathulosus, Rom. (a very distinct shell), and doubtfully 
with P. cingulatus, Goldf., pars, non Phil. 

A variety (v. mutilis, nobis) occurs commonly in the Jurensis- 
zone of Yeovil Junction, and often shows very beautiful zigzag 
colour-markings, as in the fragment figured. As it has larger ears, 
and seems more convex and oblique than the ordinary type, | am 
uncertain whether it may not prove to be a distinct species. 

Another variety (v. ceiatus, nobis) 1s represented by a shell in the 
British Museum, from Gayton. It is apparently smooth, but, under 
a lens, it is seen to have several fine, rounded, evanescent radiations 
in its central region. I have little doubt that if further material 
were forthcoming, it would be found to be a distinct shell, as I have 
met with nothing at all resembling its ornamentation. The matrix 
is dark sandstone, and the shell itself is coloured a bright brownish 
red, without markings. 

Several instances of the preservation of colouring are found among 
English Jurassic shells. Pecten valoniensis, Defr., of the Infraliassic 
beds of Aust, sometimes retains most vividly its brown, blue, and white 
tints; and P. similis, Sow. ?, of the Coral Rag, its dull fawn-colour. 
The brown and white colour-bands of Cyprina picta, Lyc., of the 
Murchisoni-zone in the Cotteswolds, are noted in Ann. & Mag. N. H. 
1850, p. 423; and a similar decoration is sometimes seen in Lima 
strigillata, Laube. At Minchinhampton both Nerita rugosa and 
Nerita hemispherica are often found retaining dark brown bands, 
and a figure of Nerzta costulata, Sow., v. bicincta, Ph., banded with 
white and purple, is given by Phillips in his ‘ Valley of the Thames’ ; 
while Walford describes the tints of Natica cincta, and has in- 
formed me that he has often noticed remains of colour-bands in 
a Pecten ef. demissus from his ‘‘ Transition Bed” of the Middle 
Lias of Banbury. ‘Traces of delicate purple may be seen in a spe- 
cimen of Hinnites velatus in the British Museum ; and Rhynchonella 
radstockiensis may be frequently collected of a very decided dark 
red hue. 


PECTEN GINGENSIS, Quenst. 


1858. Pecten demissus gingensis, Quenst. Jura, t. 51. fig. 8. 


1867. P. gingensis, Waagen in Benecke’s geogn.-pal. Beitr. vol. i. 
p. 629. 
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There is a specimen of this shell in the British Museum from the 
Green bed of the Northampton Sand of Casterton, and it is quoted 
by Sharp from the Lincolnshire Limestone. 

It is distinguished from P. demissus by its greater width, more 
symmetrical and equilateral contour, and the shape of the wings. 


PECTEN FENESTRALIS, n. sp. Plate XV. figs. 12, 12a. 


Right valve flatly convex, slightly oblique. Wings defective, but 
apparently rather large, and the front one very lobate. Umbo flat, 
small, acute, and narrow, bounded on each side by long concave 
edges, over which the surface turns through a right angle and 
reaches the plane of the wings at about the depth of half a line 
below them; these edges reach the circumference of the shell 
at less than half its diameter from the umbo, the margins then form- 
ing a regular semicircular curve, a little produced, however, in 
the infero-anterior direction. The whole surface ornamented by 
about twenty-five prominent, distant, subacute, straight rays, which 
have a tendency to alternate, and are crossed by rather more nume- 
rous and smaller, sharp, fringe-like ridges, forming with the rays 
small hollows, which are either square or have their shorter and not 
their longer diameter (as in P. reteferus, M. & L.) in the direction 
of the rays. The central region somewhat convex, becoming 
slightly concave near the sides. The inside with ten or twelve 
smooth rays (as in P. personatus). 

Dimensions of Right Valve. Length 11 lines, width 10 lines, 
depth 1 line. 

There is a specimen of the right valve in the Lycett Collection at 
Jermyu Street, from Rodborough, and I have obtained similar shells 
at Dundry, Leckhampton?, and Bradford Abbas. 

In P. clathratus, where a similar but much finer network occurs 
on the right valve, the number of raysis more than sixty, and they 
are all of the same size, slightly but distinctly undulating. The con- 
centric ridges also are of the same size as the rays, the shell is much 
longer and less oblique, the marginal curve is greater than a semi- 
circle, and the side edges by the ears are straight and not so pro- 
minent. The shellis much flatter, the umbo small and less elevated, 
and the ears probably larger. 

In the left valve of P. retiferus the rays are rounded on the top 
and much more numerous, and are cut and broken by the irregular 
turned-up and lamellar edges of the very distant growth-lines. It 
is a much more convex and equilateral shell, and the side ridges are 
indistinct. 

In the present species the difference in the size of the alternate 
rays is sometimes very marked, and the transverse fringes, being very 
fine, are often rubbed or broken off. 


PECTEN INTERMITTENS, n. sp. Plate XV. figs. 13, 13a. 


Right valve somewhat convex, longer than wide. Umbo direct, 
central, bounded by two low, oblique, straight ridges, which meet 
the border one half way down the diameter of the shell. Anterior 
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ear small; posterior moderate, somewhat acute. Kars ornamented 
with transverse markings. Surface with about twenty-two low, 
distant, indistinct ribs, crossed by numerous raised, thread-like, 
concentric threads, which are elevated by the ribs in the front part 
of the shell, while on the hinder part two adjacent ones generally 
unite on the top of each rib to form a larger and higher bar (fig. 13 a). 

One specimen in my collection from the Clypeus-Grit of Birdlip. 

Dimensions. Length 7 lines, width 6 lines. 

I am acquainted with no other Oolitic Pecten having a similar 
ornamentation. 


PECTEN LHVIRADIATUS, Waagen. 


1867. Pecten leviradiatus, Waagen in Benecke’s geogn.-pal. Beitr. 
vol. i. tab. 31. fig. 4. 


This is a flat circular shell with twenty or thirty distant, sharp, 
triangular ribs, alternating in size, and with no other markings except 
crowded microscopical concentric lineations, and sometimes a single 
line of growth. 

The Jermyn-Street Museum possesses specimens of it from Brad- 
ford Abbas, and I have collected it from Dundry, Mosterton, the 
Oolitic sands of Bridport, and the Jurensis-zone of Yeovil Junction. 
The original specimen was from the Sowerbyi-zone of Gingen, in 
Wirttemberg. Some small and rather more convex shells at Jermyn 
Street, from ‘‘ the bottom bed of sand N.E. of Cheltenham,” may be 
the young form of this species. In them the transverse markings 
are rather more prominent and the flat valve is smooth. 


PECTEN PUELLARIS, n.sp. Plate XIX. figs. 3, 3a. 


Shell small, orbicular, roundly convex, equilateral. Umbo large, 
central, rounded, incurved, and extending above the hinge-line. 
Ears small {the front one being rather the larger), obtuse, marked 
with three flat rays and about fifteen raised rounded threads. Sur- 
face covered by about twenty raised, rounded, narrow, and distant 
smooth rays, half of which reach and curve over the umbo, and 
half vanish in the grooves about three fourths of the way up. Grooves 
concave, nearly twice the width of the rays, and crossed by very dis- 
tant, fine, sharp threads, which are concave to the apex. Margin 
circular, scalloped by the projection of the grooves. - 

Size 5 lines long, by 5 broad, and 2 deep. 

The only specimen I have seen of this beautiful little shell is in 
the British Museum, and comes from the Inferior Oolite near North- 
ampton. From P. symmetricus, Morris, Hull’s ‘Geology of Chel- 
tenham,’ t. 1. fig. 3, it differs by the width of its grooves; from 
P. subspinosus, Schl., Goldf. Petr. Germ. t. 90. fig. 3 (specimens of 
which from the Inferior Oolite of Brimscombe are in the Jermyn- 
Street Museum), by the number of rays and absence of spines; and 
from P. anomalus, Terq. & Jour. Mém. Soc. Géol. Fr. sér. 2, vol. ix. 
t. 13. figs. 18-20, by its ungrouped coste. In neither of these species 
are there any signs of the alternation of the rays, which would appear 
to be very characteristic of the present shell. 
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Pxcten sprnicostatus, Eth. MSS., n. sp. Plate XV. figs. 14, 14a. 


Shell orbicular, very convex, equilateral. Umbo direct, very 
- prominent, raised, large, and bluntly rounded. Ridges above wings 
very distinct, short, very low, and concave. The other margins 
almost evenly circular, except that they are crenulated by the pro- 
jecting furrows, meeting the horizontal plane at an angle of about 
45°. Surface evenly convex, but slightly produced and flattened on 
the anterior side. ‘The anterior ear very large and acutely triangular, 
with five or six large and very coarsely corrugated rays or ribs. 
The right valve covered with about forty-five very steep ribs, flat 
and smooth on the tops, bearing a row of distant, regular, oblique 
spines on each side, close to the flattened summits. The furrows 
slightly narrower than the ribs, covered with close, fine, distinct, 
thread-like concentric lines, which are concave to the umbo. 

Locality. Dundry. One specimen in the British Museum ; several 
in that of the Bristol Institution. JI have collected several from 
the beds above the Ironstone Oolite, belonging to the higher part of 
the Humphriesianus-zone ; but in most cases these fossils are much 
injured, showing that it was probably a fragile shell. 

Dimensions of each Valve. 13 lines in length, 12 in width, and 
about 5 in depth. 

This shell approaches Pecten globosus, Quenst. Jura, p. 757, Pecten 
cardinatus, Quenst. Jura, p. 627, and P. moreanus, Buvignier, Meuse, 
t. 19. figs. 18-20, which are all similarly decorated. 

From the first it appears to differ by having fewer and coarser 
rays ; from the second by having the furrows broader and the ray- 
teeth blunter and more distant; and from the third by not having these 
side ornamentations raised above the level of the rays. It also ap- 
pears to have a less developed or produced umbo than the two former 
shells; Thurmann and Etallon give a better figure of P. globosus, 
Quenst. All these species seem to be more globose shells, with more 
depressed umbones than the British species. P. erinaceus, Buvignier, 
Meuse, t. 19. figs. 7-12, is a flatter shell, and has a third row of 
spines on each rib. The foreign species occur in the Middle and 
Upper Oolites. 

The small group of Pectens to which this shell belongs are very 
distinct, being all more or less convex, and having the ribs marked 
by rows of very beautiful spines or teeth, which are clearly not due 
to fossilization. They differ from the group to which P. articulatus 
belongs by the ribs being much more flattened on the top. 


PECTEN TRIFoRMIS, n. sp. Plate XVI. fig. 3. 


Shell large, moderately convex, inequilateral, suborbicular. Um- 
bones large, direct, rather produced. Superior part of posterior side 
more enlarged than anterior. Surface covered with fine, parallel, 
sharply zigzagging lines in the central part; beyond these with very 
fine close excentric radiating strie ; and in the marginal parts with 
distant thread-like concentric lines or annuli, which present a frill- 
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like appearance, caused by short radiating lines upon each ring. 
Wings small. 

There is one specimen in the Sharp Collection in the British 
Museum, from Northamptonshire ; and, though very defective, its 
ornamentation is so peculiar as to be worth recording. It is about 
3 inches long. 


HrInyires TENUISTRIATUS, Minst., sp. 

1836. Spondylus tenuistriatus, Goldf. Petr. Germ. t. 105. fig. 3. 

Left valve small, nearly circular, slightly convex, with prominent 
umbo, and about thirty-five squared ribs divided by flat interspaces 
of nearly the same width. The ribs are occasionally nodulated upon 
their upper surfaces, and only the alternate ones reach the umbo. 
Auricle distinct. 

Size about half an inch. 

I have obtained several specimens of this fossil from the rubbly 
beds at the top of the Humphriesianus-zone at Dundry, and from the 
Parkinsoni-zone of Burton Bradstock. 

It appears to differ from Ainnites velatus, Goldf., as figured by 
Morris and Lycett, by having larger and more equal rays, as well 
as by being a smaller shell; but in the former particular their 
figure (though not their description) approaches the present species 
more nearly than does the original one of Goldfuss. 


Lima RierDA, Sow., sp. 


1815. Plagiostoma rigidum, Sow. Min. Conch. t. 114. fig. 1. 

1835. Lima rigida, Goldf. Petr. Germ. t. 101. fig. 7. 

1861. L. rigida, Thurm. & Et. Leth. Bruntr. t. 33. fig. 2. 

1861. L. perrigida, Thurm, & Et. Leth. Bruntr. t. 33. fig. 1. 

1864. L. rigida, Seeb. Hann. Jura, p. 102. 

In the Bristol Museum are some shells from Dundry, which were 
identified with this species by Mr. Tawney, and there is a similar 
one from Leckhampton in the Jermyn-Street collection. 

Of the two fine specimens in Sowerby’s collection, one is of a 
deep red colour, with hardly any signs of growth-lines, while the 
other has very strong growth-lines, which break the continuity of 
the rays ; but as they closely correspond in other respects, I can see 
no reason for supposing them to be of different species, and believe that 
it would be easy to arrange a series of Inferior-Oolite specimens 
connecting the two. 


Lima @przBorvs, n. sp. Plate XVII. figs. 1, la. 


Shell flatly convex, oblique, semielliptic. Umbo small, depressed, 
rounded. lLima-line* short, low and rounded; the shell curving 
round in front of it so as to form a moderately concave lunule, and 
behind it being regularly, though slightly, convex, so that the 
greatest depth is nearly in the centre of the valve. Front wing of 
moderate size and flattened. The margin from its summit forming 
a concayity with the anterior side of the shell; the inferior side slightly 

* T have used this term, for convenience, to indicate the strong bounding 
ridge of the lunule, which is so marked a feature in most species of Lima. 
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and regularly convex ; the posterior side much more convex ; but 
the curves are very even ones, without sudden changes of curvature. 
Surface with about fifty high, narrow, acute and distant ribs, with 
rounded tops and perpendicular sides, cut by three or four sharp 
growth-lines near the margin, and separated by flat broad furrows 
three or four times the width of the ribs, which are crossed by very 
distinct and numerous, long, ladder-like striz, convex towards the 
umbo. 

One specimen in the Jermyn-Street Museum, from Broadwindsor. 

Dimensions. About 3 inches long, by 24 wide, and 1 deep (for 
both valves). 

It approaches Lima Reneviert, Etallon, Leth. Bruntr. t. 34. f. 4, 
but is a much less convex shell, and differs from both that shell and 
from L. notata, Miinst., by the extremely narrow and perpendicular 
ribs with which it is covered. 


Lima atricosta, Chap. & Dew. 


1853. Lnma alticosta, Chapuis & Dewalque, Foss. Terr. Sec. Lux. 
t. 28. fig. 3.° 7 

1858.° Plagiostoma sulcatum gingense, Quenst. Jura, t. 51. fig. 2. 

1867. Lima alticosta, Waagen, in Benecke’s geogn.-pal. Beitr. 
p. 625. 


There are specimens of this shell in the Bristol Museum, from the 
upper part of the Humphriesianus-zone of Dundry (from which place 
I have myself obtained it), and in the Jermyn-Street Museum, from 
Yeovil and Rodborough. 

It.differs from Lima pontonis, Lycett, Quart. Journ. Geol. Soc. 
vol. x. t. 14. fig. 2, in being much less transverse. 


[iva AMNIFERA, n. sp. Plate XVII. fig. 2. 


Shell very flat, oblique, ovoid, transverse. Umbones small, acute, 
elevated, and very slightly incurved. lLima-line short and low. 
Ears small, dilate, receding, and nearly equal. lLunule small and 
slightly concave. Antero-inferior margin roundly convex, the 
marginal curve gradually decreasing towards the posterior border, 
which becomes somewhat concave in forming the ear. Surface 
moderately convex behind the lima-line, and flattening out from the 
centre to the other edges, which meet at avery small angle ; covered 
with frequent but irregular concentric growth-lines, and radiated 
by very numerous (seventy) slightly undulating, impressed lines of 
very coarse and distant puncta, which vanish towards the central 
portions of the shell. 

Dimensions. 22 lines long, by 17 wide, and 6 lines deep for the 
closed valves. 

This species occurs abundantly in the beds of the Jurensis-zone 
below the sands at Yeovil Junction, and sometimes gives indications 
of concentric colour-bands. There are three specimens from that 
place in the Jermyn-Street Museum. 

It is very similar to Lima aciculata, Minst., but differs in the size 
and shape of its posterior wing, in its less orbicular form, and in 
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the greater indistinctness of its markings. As Goldfuss, Thurman 
and Ktallon, and Chapuis and Dewalque all give the same characters 
for the latter shell, I have thought it better to distinguish the present 
one, although at first inclined to agree with others in supposing it to 
belong to LZ. aciculata. The individuals do not seem to vary much, 
but preserve their common characteristics. It approaches ZL. ovalis, 
Sow., but is flatter and less transverse, besides having more defined 
ears than that shell. It also very much resembles Lima pseudovalis, 
Waagen, in Benecke’s geogn.-pal. Beitr. vol. i. t. 30. fig. 3, but is 
distinguishable by the presence of well-defined ears, by being flatter 
and anteriorly broader, by having more distant and less incurved 
umbones, and by not having narrow and elevated ribs. 


Lima contor@vEns, n. sp. Plate XVII. figs. 3, 3a, 30. 


Shell moderately convex, flattened near hind margin; valves 
meeting at a moderate angle. Umbo very posterior, facing an- 
teriorly, pointed and incurved. Lima-line rather indistinct, con- 
cave anteriorly, about three fourths of the length of the shell in that 
direction. Lunule very deep and concave. Posterior wing narrow, 
ill-defined, rendered rugose by crowded growth-lines. Greatest con- 
cavity about one third behind the lima-line. Inferior margin nearly 
semicircular. Ribsabout 60, undulating, flattened, depressed, divided 
only by shallow, but very distinct, undulating, linear, punctate 
channels. Ribs often having a second indistinct channel on their 
flat tops, so as to be somewhat dichotomous. Growth-lines distant, 
regular, small and white. 

One specimen in the Sharp Collection in the British Museum. 

Dimensions. 16 lines long, by 13 wide, and 6 deep (for both . 
valves). 

This shell has much less obliquity than most Lime of the Inferior 
Oolite. It is very similar to Zima comatula, Buy. Meuse, t. 18. 
figs. 20-25, but has a sharper beak, and more distinct posterior 
ear; its posterior side is much less dilate, its lunule longer, and its 
rays fewer.. Lima semilunaris, Goldf. Petr..Germ. t. 102. fig. 2, is a 
much more contorted shell, without a distinct lunule, and rayed 
only on the sides. 


LiIvA CUBIFERENS, 0. sp. 


Shell elongate, ovoid, slightly oblique, and very flat. Umbo 
acute, proximate, subcentral. No lima-line or lunule. Wings 
large, equal, and triangular. Anterior wing covered by rugose 
growth-lines. Margin slightly concave below anterior wing, con- 
vex in the antero-inferior region, and then proceeding in a low 
curve to the posterior part, where it becomes strongly convex before 
reaching the other wing. Ornamentation consisting of about forty 
yery distant threads or ridges, crossed by very numerous, foliaceous, 
concentric ridges, which were evidently freely lamellar towards 
the margins, 

Dimensions. 33 lines long, by 25 wide, and 12 deep. 

There are three specimens in the British Museum, one from the 
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‘Marly bed, Down Cliff, Dorset,” and two from the Limestone and 
Upper beds of Duston. 

It belongs to the same group as L. rigidula, Phill. (non Morris and 
Lycett ?), and L. antiquata, Sow. Sowerby’s shell differs from it in 
the character of its radiations, which are close and rounded, as seen 
in his figured specimen from the middle Lias in the Bristol Museum. 
L. antiquata, Minst., Goldf. t. 102. fig. 14, seems to be distinct from 
this, and more nearly approaches the present form, but is unlike it in 
its convexity, its smaller ears, its inconsecutive rays, and its distant, 
prominent, concentric ridges. JL. rigidula, Phill. (not Morris and 
Lycett), though possibly the same as Munster’s species, appears from 
the figure (Geol. Yorksh. vol. 1. t. 7. fig. 13) to be much more curved 
and convex than the present species, with stronger and closer ribs, 
and a much longer anterior ear. Lima succincta, Schl., is given by 
Giebel as a synonym of “ima Hermanni, which is very dissimilar 
both in contour and in decoration. 


Lima Epucta,n.sp. Plate XVII. figs. 4, 4a. 


Shell small, oblique, moderately convex, very transverse. Umbo 
acute, prominent but attenuated, very distant, and very posterior. 
Wings small, narrow, nearly equal, and marked by the lines of 
erowth. lLima-line depressed, nearly the length of the shell in 
that direction. Lunule smooth and concave. Greatest depth at the 
point one third from the lima-line and one third from the umbo. In- 
ferior margin moderately convex; the curve deepening very much 
round the infero-posterior, and still more round the infero-anterior 
portions. The apical part of the surface smooth, the rest covered 
with very fine elevated and undulating ribs with flattened tops, 
which are divided by narrower smooth grooves and broken by 
occasional well-defined growth-lines which cause them to change 
their direction. 

Dimensions. Length 18 lines, breadth 9, lines. 

There is a specimen of this shell in Jérmyn Street, from the 
Parkinsoni-zone of Leckhampton, and another in the British Museum, 
from Dundry; and I have,one from the Humphriesianus-zone of 
Cleeve Cloud. 

This shell is quite different from L. ovalis, as figured by Goldfuss 
and by Morris and Lycett, and from the Minchinhampton and Inferior- 
Oolite form which they represent. The two original specimens, 
however, in the Sowerby Collection in the British Museum seem 
different, and one of them very nearly approaches the present 
species, though differing from it in the size of the puncta- 
tions, while the other is clearly distinct both in its contour and 
ornamentation. Our shell is totally unlike Lima rigidula, Phill., 
Geol. Yorksh. vol.i. t. 7. fig. 13, which is a different species from that 
figured by Morris and Lycett under that name. The latter much 
more nearly approaches the present shell, but a comparison of the 
two fossils, both of which are at Jermyn Street, points to their 
being distinct. The former is more swollen posteriorly, its anterior 
ear is much smaller, its rays are separated by much wider grooves, 
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which are finely striated, its umbo is more incurved, and its lunule 
longitudinally rayed. From ZL. ovalis, Desh., of Goldfuss, our shell 
differs in the nature of its markings and its larger ears. 

A Yorkshire specimen of this shell bears the label ‘“ Avicula 
multicostata, Bean.” I have been unable to trace this name, which 
may be a manuscript one; but at all events, as Geinitz used the 
same name in 1842 for a Cretaceous shell, he very probably has the 
priority. 


Lia rvctsa, Waagen. 


1873. Lima dustonensis, Lyc. MSS., Sharp, Q. J. G. 8. vol. xxix. 
p. 296. 

1767. L. incisa, Waagen, Benecke’s geogn.-pal. Beitr. p. 626. 

In the Sharp Collection at the British Museum are two specimens 
of a large and rather convex Zima from Duston, which appears to 
agree with Waagen’s shell, one of them bearing “ Lycett’s” upon its 
label. Being casts, it is not easy to form a definite opiuion upon 
them; but there is in the same Museum a better-preserved speci- 
men, stated to be from the “ Great Oo.” of Hardington, which seems 
very like the German shell both in shape and markings, the prin- 
cipal difference being that the broad flat rays and unpunctured 
grooves are only visible on the lateral portions of the fossil. 


LIMA INocERAMOIDES, n. sp., Eth. MSS. Plate XVII. fig. 5. 


Shell large, very flat, only slightly oblique. Umbo subcentral. 
Posterior wing rather large. Lima-line short and low, but very 
steep; the surface in front of it being very concave. Margins 
forming a curve of almost equal convexity, the greatest curvature 
being in the middle of the inferior margin. The greatest depth 
near the centre of the valve at about one third the diameter from 
the umbo. Edges inclined to each other at a very small angle. 
Structure thin. Surface smooth and polished, with a few small 
indistinct growth-marks, and with five or six small and distant 
furrows on each side near the wings. 

Dimensions. Length 34 inches, breadth 32 inches, depth 12 inch. 

There is a single specimen in the Jermyn-Street Museum, from 
the Inferior Oolite south of Perrott. 

This is clearly a different species from the short-hinged Plagio- 
stoma lve, scantily described by Buckman in Murchison’s ‘ Geology 
of Cheltenham,’ p. 99. It approaches Lima Etheridqu, Wright, 
which is sometimes centrally smooth, but in that species the um- 
bones are more median and the posterior wing larger. Lima inqut- 
renda, Thurmann, Leth. Bruntr. t. 34. fig. 7,is a much more triangular 
shell; and Lima plebera, Chap. & Dew., wider and more oblique. 
Tima Hopert (Sow.) of the Chalk is its nearest analogue. 


Lima Lzviuscuza, Sow., var. 


1822. Plagiostoma leviuscula, Sow. Min. Conch. t. 382. 
1835. Lima leviuscula, Goldf. Petr. Germ. t. 102. fig. 3. 
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There is a fine specimen in the British Museum, from the Green 
Bed of Little Casterton, Northamptonshire, which is probably a 
variety of Sowerby’s species. It is more convex than the generality 
of the Coral-Rag examples, its posterior wing is smaller and more 
defined, and its inferior margin somewhat straighter; so that it 
agrees rather better with the example figured by Goldfuss. The 
lineations become obsolete in the median portion of the valve. 


Liwa Lycerri, Laube? 


1853. Lima punctata, Mor. & Lye. Gt. Ool. Moll. pt. 2, t. 15. fig. 9. 
1867. L. Lycettw, Laube, Bivalven von Balin, t. 1. fig. 12. 


Some fine Lime occur in the Freestone of the Murchisoni-zone 
at Leckhampton. They are roundish convex shells, crowded with 
fine, multitudinous, and occasionally divaricating, smooth rays, 
divided by linear furrows containing coarse punctations, which 
sometimes become obsolete near the centre. The umbo is round 
and prominent, and the posterior ear is rayed and larger than the 
anterior one, which is half submerged in the lunule. The ornamen- 
tation is most distinct in the oldest shells. 

Five specimens are in the Jermyn-Street Museum. I have one 
nearly 5 inches wide, and probably they reach a still larger size. 

These shells have been generally referred to Lima punctata, Sow. 
Min. Conch. t. 113. figs. 1 & 2, but there can be no doubt that they 
do not belong to this Lower Liassic form*. The rays are fewer, 
narrower, and do not divaricate. Moreover, he describes the shell 
as flatter, with nearly equal ears, and markings vanishing with age. 
On examining his figured specimens in the British Museum it is at 
once clear that it is a totally different shell; in fact his fossils 
seem to belong to two if not three species,—the largest almost 
smooth with lines of puncta, agreeing with Goldfuss’s figure; the 
second with narrow ribs and striated furrows; and the last with 
shallow, smooth grooves. But however this may be, they are all 
very flat shells, and have no characters in common with the present 
species. 

No doubt Morris and Lycett’s shell belongs to this form ; but it is 
by no means certain that Laube’s does, as in his fioure the con- 
centric markings cross not only the furrows but the rays. 

This Oolitic species is characterized by its numerous, smooth, and 
often divaricating rays, punctated grooves, and rounded shape. 


Lima magestica, n. sp. Plate XVII. figs. 6, 6a, 66. 


Shell very large, oblique, the shape of a semiellipse cut off by its 
shorter diameter, moderately convex, the deepest part being on the 
lima-line one third of its length from the umbo. Umbo very acute, 
narrow, moderately prominent, and truncated anteriorly. Lima- 


* The numbers of Sowerby’s plates 113 & 114 are accidentally interchanged. 
Hence his figure of L. rigzda is made to represent L. punctata. Joined to that 
description it may easily be interpreted as Morris and Lycett’s shell, from which 
Sowerby’s two species are really quite distinct ; and this is probably the reason it 
has been misunderstood. 


ae 


FROM THE INFERIOR OOLITE. 509 


line 2 the length of the shell, which is truncated in front of it, and 
behind it spreads out flatly to the margins all round, Anterior 
ear very small, not extending beyond the perpendicular plane 
touching the lima-line. Margins forming a full and equally convex 
curve till they meet the end of the lima-line, where the edge curves 
suddenly in, and becomes slightly concave under the lima-line for 
about half its length, where it meets the depressed edge of the 
anterior ear. Growth-lines very numerous, indistinct, and lamellar. 
Rays about 50, those on the sides being very low flattened plaits with 
short steep sides, between broader flat grooves; and those on the 
central part merely broad, flat spaces, divided by narrow groove-lines. 
These two varieties of rays, however, often alternate, the broader 
flat ones seeming to split into two or three of the narrower steep 
ones. 

Dimensions. 7 inches long, by 54 inches wide, and 4 inches deep 
for the two valves. 

There is one specimen from Rodborough in the Jermyn-Street 
Museum, another from the Lincolnshire Limestone of Stamford in 
the Sharp Collection of the British Museum, and a small one from 
Dinnington in the Bath Museum. 

Mr. Lycett’s specimen at Jermyn Street is labelled “ Z. grandis ;” 
but this name cannot be used, as it has been already given by Romer 
to another species of the same genus. 

In the Stamford specimen the rays are more numerous and 
narrower, especially upon and near the posterior wing; and the 
grooves have slanting sides, and form in section an almost regular 
undulation with the rays. 

Lima incisa, Waagen, in Benecke’s geogn.-pal. Beitr. vol. 1. t. 30. 
fig. 3, differs from this shell by being much more convex. Its 
umbo is large, rounded, more prominent, and not anteriorly flattened, 
and extends beyond the margin of the posterior wing, which is 
small and posteriorly concave. Its margin is more swollen behind 
and less so in front, the furrows are deeper and angular, and the 
surface of the rays flat. 


Lima notata, Goldf. 

1835. Lima notata, Goldf. Petr. Germ. t. 102. fig. 1. 

1849. L. notata, D’Orb. Prodr. sect. 13, no. 394. 

1858. Plagiostoma notatum, Quenst. Jura, p. 627. 

1867. Lima complanata, Laube, Bivalven von Balin, t. 1. fig. 11. 

1871. L. notata, Terq. & Jour. Mém. Soc. Géol. Fr. ser. 2, vol. ix: 
pe Lit 

There are six examples from the Humphriesianus-zone of Dundry 
in the Bristol Museum, three of which seem typical specimens ; and | 
J have several from Broadwindsor and the neighbourhood of Yeovil. 
They generally differ from the foreign figures in having the posterior 
ear strongly radiated. The species seems to vary considerably 
in length, obliquity, and the number of its rays. The punctations 
are usually clearly seen in the centre of the shell, but become obli- 
terated near the margins. 
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Lycett quoted it in the ‘ Annals’ from the Oolitic Marl and Great 
Oolite of Minchinhampton, but does not describe it in his Monograph 
published just aiterwards. Hull, in the ‘Geology of Cheltenham,’ 
p. 34, gives it from the Murchisont-zone of Cleeve Cloud. On the 
continent it extended as high as the White Jura. 


Lima PLacIDA, n. sp. Plate XVII. figs. 7, 7u. 


Shell smooth, extremely wide and flat, very oblique. Umbo very 
small, acute, depressed, and flat. Anterior slope of lima-line con- 
vex, steep, with a very small narrow surface before it. Posterior . 
ear well developed, high, and flattened. ‘The inferior margins in a 
regular curve, which becomes shallower towards the front, so that 
the infero-anterior part is attenuated. Surface shining. Growth- 
lines numerous, but very fine, and chiefly distinguishable by white 
colour-bands. Rays numerous, but hardly visible, except in front, 
where they are marked by indistinct linear grooves; in other parts 
only separated by lines of coarse, distant puncta. 

One specimen in the British Museum (Sharp Collection) from the 
Northampton Sand. 

Dimensions. 15 lines long, 12 lines wide, and 2 lines deep. 

This species 1s very well characterized, and I have met with no 
other species that approaches it. It is far the flattest Loma I have 
seen. 


LIMA PLATYBOLUS, 0. Sp. Plate XVII. figs. 8, 8a, 8 6. 

Shell slightly convex, oblique, somewhat transverse, large. 
Umbo sharp and small, truncated in front by the long, steep, and 
elevated lima-line, which is three quarters the diameter of the shell 
in length ; the shell being perpendicular in front of it, and behind 
it slightly convex, and then dilated flatly to the margins. Anterior 
ear very small, not extending beyond the perpendicular from the 
lima-line. Byssal sinus very large and ovate. Posterior ear rather 
large. Margins convex, the greatest curvature being on the posterior 
side. Valves meeting at a small angle. Surface covered by low 
flattened radiations, separated by simple grooves half the width of 
the plaits. 

Dimensions. Length 31 lines, width 24 lines, depth 5 lines. 

There are two specimens of this shell in the Jermyn-Street 
Museum, one from Nailsworth and one from Leckhampton. 

This shell is similar to Zima tumida, Rom., in its markings, but 
is very much flatter and of a different shape. From Lima notata, 
Goldfuss, it is distinguished by its more incurved and truncated 
umbo, its greater convexity, its larger posterior and smaller anterior 
wing, and its smooth unbarred grooves. 


Lima PLesera, Chap. & Dew. 
1853., Lima plebeia, Chap. & Dew. Terr. Sec. de Lux. t. 28. f. 1. 


There are fine specimens, identified as this shell by Mr. Tawney, 
in the Bristol Museum. They are from the Iron-shot Oolite of 
Dundry, from which I have myself obtained it. 

A fragment of another species from Dundry appears rather similar 
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to Lima equilatera, Buv. Meuse, t. 18. fig. 14, but is insufficient for 
identification. 


Liwa portica, n. sp. Plate XVII. fig. 9. 

Shell convex, transverse, slightly oblique, almost circular, with 
prominent, distant, and rather pointed incurved umbones, which 
project about the fifth of an inch beyond the hinge-line, and are 
slightly posterior. Ribs about 20, sharply pointed and triangular 
in section, separated by flat interspaces of a similar width, so that 
a section would give a number of low triangles arranged their own 
breadth apart. Slght furrows running down the centre of each 
interspace, and faint traces of other radiations. ‘The whole surface 
crossed by numerous, coarse, and exceedingly regular, flounce-like 
lines of growth, which become serrations on the top of the ribs. 
Wings equal, unribbed, and continuous with the rest of the shell. 
Hinge-line 8 lines in length. 

Locality. Dundry. Oxe specimen in the Bristol Museum and 
one in my own collection. 

Dimensions of one valve 15 lines in length, 14 lines in breadth, 
and 5 lines deep. 

This shell appears to be very distinct. In shape and general form 
it slightly resembles L. gibbosa, Sow., but is much less elongate, and 
the markings are totally different. Zima acuticosta, Quenst. Jura, 
t. 18. fig. 22, is much smaller and longer, and has more defined 
ears; while the small Avicula clathrata, Lyc. Suppt. t. 40. fig. 7, 
which much resembles it in ornamentation, is much wider near the 
hinge, flatter, and less oblique. 


Lima nopsureEnsis, Lyc. MSS. Plate XVII. fig. 10. 


1873. Lima rodburgensis, Lyc. MSS. Sharp, Q. J.G.S. vol. xxix. 
Duco4, : 


Shell convex, not very oblique. Umbo very large, rounded, and 
prominent. lLima-line slightly concave, + of the length of shell in 
that direction. Greatest convexity of the valve at 1 of the diameter 
behind the lima-line. Surface slopiug straight up from the margins, 
and curving over this point down to the lima-line, which is at a 
much lower level, and then sweeping round with a great concavity, 
so as to form a very large and deep lunule. Anterior wing small, 
hidden within the lunule, margin starting from it concave, but 
becoming exceedingly convex round base of lima-line, then pro- 
ceeding at about the curvature of a circle to the posterior side, 
where it again curves very rapidly before reaching the posterior 
wing. Surface with whitish growth-lines, the most prominent 
dividing the shell into three parts, and very numerous, obscure, flat 
rays, separated by indistinct, smooth, linear furrows, chiefly seen at 
the sides. 

Dimensions. Length 20 lines, width 15 lines, depth of each 
valve 5 lines. 

One specimen in the Sharp Collection in the British Museum 
from Northamptonshire. 

This species approaches Lima strigillata, Laube, but is a more 
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convex and less oblique shell. Its lower margin forms a semicircle, 
curving more strongly at each extremity. Compared with L. glabra, 
amare Goldf. Petr. Germ. t. 102. fig. 9, it i is much shorter and less 
trigonal. 


LIMA sEMIcIRCULARIS, Goldf. 


1833. Lnma semicircularis, Goldf. Petr. Germ. t. 101. fig. 6. 
1853. L. semrcircularis, Chapuis & Dew. Foss. de Lux. t. 30. fig. 5. 
1857. Laima semicircularis, Oppel, Jura, p. 415. 

1858. Plagiostoma semicirculare, Quenst. Jura, t. 59. fig. 11. 


There are specimens of this shell from the Parkinsoni-zone of 
Rodborough at Jermyn Street, and from the Huwmphriesianus-zone 
of Dundry in the Bristol Museum; and I have obtained it from the 
Parkinsoni-zone of Bradford Abbas. ‘The fine valve from Rodborough 
measures 22 inches long, by 33 wide, and 3 deep. The specimens 
seem to agree exactly with the German shell, and to differ from 
L. notata, Goldf., by their much finer radiations. 

The shell figured under this name by Morris and Lycett in their 
Monograph (pt. 2, t. 3. fig. 3), of which the types are also at Jermyn 
Street, does not belong to the same species. It has much larger 
and fewer ribs, and a more diffuse posterior ear, and appears to 
be the same as Lima virdunensis, of Buvignier, Statist. Géol. de 
la Meuse, t. 18. fig. 30. Tam not aware that it is even found in the 
Inferior Oolite. 


Lima srminupa,n. sp. Plate XVII. figs. 11, lla. 


Shell transversely convex, very attenuated in front, dilated in 
the postero-inferior region, flattened posteriorly. Umbo incurved, 
acute, distant, facing forwards. Anterior wing small, hardly pro- 
jecting beyond the lunule; posterior wing rather large and con- 
fluent. Lunule large, scarcely concave. lLima-line almost the same 
length as the shell. Surface smooth, except the lunule and the 
part over the lima-line, which are covered by nine raised distant 
ridges with smooth interspaces. 

Dimensions. Length 17 lines, width 11 lines, depth of one dle 
3 lines. 

_ There is one specimen of this shell from Nailsworth in aie 
Jermyn-Street Museum. 

This species is very distinct both in its shape and in the sudden 
cessation of its decoration. The surface is very much arched over the 
whole length of lima-line, and thence spreads out almost flatly to 
the lower and hind margins. | 


Lima Suarrit,n. sp. Plate XVII. figs. 12, 12a. 


Shell flatly ovoid. lLima-line short. Umbo sharp and small. 
Kars not compressed, well developed, and equal. Anterior ear 
rugged, spreading well out beyond lima-line. Surface dilate behind. 
Ribs about 40, distinct over all the surface, with low and rather 
flattened tops, distant, simple, and somewhat undulating, with 
shallow, smooth, flat furrows, which are decidedly wider than the 
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ribs. Surface broken by occasional prominent growth-lines, which 
become more numerous near the margins, where small, indistinct, 
subsidiary ribs start in the centre of furrows. 
Dimensions. 4% inches long, by 54 wide, and 23 deep for both 
valves. | 
One specimen in the British Museum, from Brockhall, Northamp- 
tonshire. 

This shell approaches Lima majestica in size and shape, but is 
less compressed or pinched, and longer; its ears are not so com- 
pressed, the surface is more regularly convex, and the lima-line more 
rounded, much less prominent, and shorter, so that the greatest 
depth is ata point one quarter of its diameter in rear of it. The 
plaits are also very different, being fewer and higher, with broad, flat, 
smooth interspaces, and becoming much more crowded on the pos- 
terior ear. The growth-lines are lamellar, becoming near the 
margins irregularly crowded and foliaceous. 


Lima strierunata, Laube. 


1853. Lima bellula, Morris and Lycett, Gt. Ool. Moll. pt. 2, t. 3. 
fie. 9. 

1867. Lima strigillata, Laube, Bivalven von Balin, t. 1. fig. 4. 

1871. Loma bellula, Terg. and Jourdy, Mém. Soc. Géol. France, 
ser. 2, vol. xix. p. 117. 

This shell appears to be very common in the Lower Oolites. 
Lycett, in his ‘Cotteswold Hills,’ quotes it from the Upper Lias 
Sands, the Gryphite Grit, and the Trigonia-Grit, as well as from 
the Great Oolite of Minchinhampton. Sharp also gives it from the 
Lincolnshire Limestone and the Northampton Sand. ‘The speci- 
mens which I have collected from Dundry, Cleeve Cloud, &c., seem 
to approach Laube’s figure much more nearly than the Great-Oolite 
specimens, which aremore angulated and depressed anteriorly, as well 
as smooth. Morris and Lycett, however, state that the smoothness 
increases with age. In 1850 D’Orbigny, in his ‘Prodrome,’ Sect. 13. 
No. 395, had given the name JL. bellula to a distinct twelve-ribbed 
species; and as he has priority, Laube has changed Lycett’s name. 
The shell appears to be very like Lima gigantea, Sow. 

Terquem and Jourdy’s figure of an aged shell show well-marked 
rays, though both they and Morris and Lycett describe it as be- 
coming smooth when adult. 


SponDYLuS NipuLANs, E. Desl. 


1858. Spondylus nidulans, EK. Deslongchamps, Mém. Soc. Linn. 
Norm. vol. xi. t.. 20. fig. 5. 

I have an imperfect shell from the Humphriesianus-zone of Dun- 
dry, which appears to belong to this species; and there is another 
in the British Museum from the Inferior Oolite of Stroud. 


Harpax Parxinsoni, Quenst. sp.? Plate XV. fig. 20. 


1818. Plicatula spinosa, Sow. Min. Conch. t. 245 (description 
only) ? 
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1852. Plicatula Parkinson, Quenst. Handb. t. 41. fig. 24, 
1858. Harpax spinosus, Deslongchamps, Mém. Soc. Linn. Norm. 
vol. xi. t. 10. figs. 26-37. 


I have found specimens which apparently agree with Deslong- 
champs’s shell, t. 10. fig. 33, in the beds below the sands belonging 
’ to the Jurensis-zone at Yeovil Junction. 

He states that these shells, which are from the Inferior Oolite of 
Calvados, do not agree with the one described by Sowerby, which 
he considers to be a different species from his figure, and which he 
calls H. Parkinson. 

As, however, Sowerby’s name P. spinosa is generally accepted for 
the common Middle-Lias fossil, there would seem to be no reason 
for the alteration proposed by Deslongchamps, even had not 
Quenstedt already given the former name to the present species on 
account of its occurring in the Parkinsoni-beds of Germany. 

I have seen several specimens of the true 7. spinosus (Sow.) which 
were said to be from the Inferior Oolite of Half-way House, but on 
examining them I found reason to believe that they really came 
from the Middle Lias of the same district. 


Harpax Tawneyl, n. sp. Plate XV. figs. 18, 19. 


The specimens of this species are all interiors of the left or free 
valve. Shell irregularly oblate or ovoid, concave interiorly, the 
flattish central half being surrounded by a prominent, obtuse, 
uneven ridge, or pallial line; outside which, the surface slopes 
steeply down to the margins, and is covered by indications of 30 or 
40 coarse, short, and very irregular ribs; muscle-mark large, circu- 
lar, subcentral and granulated ; hinge well displayed, and consisting 
of two nearly parallel ridges on each side, meeting each other at a 
high angle, and enclosing a shallow groove; shell-structure thin 
and opalescent. 

Locality. The Ironshot Oolite of Dundry. There are three fine 
specimens in the Bristol Museum, and one or two in my own collec- 
tion. The latter I obtained from the quarry near the cross roads. 

Dimensions. 12 inch long, by 2 inches broad, and 3 lines deep; 
or 12 inch long, by 13 broad, and 4 lines deep. 

Although the exterior is unseen in any of the specimens, it may 
be presumed from the characters shown in the interior, that it was 
ribbed or spined. It is unlike any of the “ Plicatules” described 
by Deslongchamps in the ‘ Memoirs of the Linnean Society of Nor- 
mandy,’ 1858; for though it bears some resemblance to Plcatula 
pectinula, Desl. loc. cit. t. 17. fig. 38, it is easily separable from that 
shell by its larger size, less smoothness, and the characters of its 
hinge. 


PLICATULA FistuLosa, Morr. and Lye. 
1853. Plicatula fistulosa, Morris and Lycett, Gt. Ool. Moll. pt. 2. 
eh Ie 10). 


1871. Pl. fistulosa, Terq. and Jourdy, Mém. Geol. Soc. Fr. Sér. 2. 
vol. 9p. 131. 
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There is a specimen of this Gt. Oolite shell in the Bristol Museum 
from the Inferior Oolite of Bradford Abbas, and one in the Jermyn- 
Street Museum from the Gryphite Grit of Leckhampton. I have 
one from the same locality. 


PricatuLa Sottaso, n. sp. Plate XV. figs. 21, 21a, 22, 22a, & 
22 b. | 


Shell small, equilateral, transversely subtriangular or lozenge- 
shaped, depressed, adhering by the greater part of the right valve, 
and then suddenly rising perpendicularly, to form a rim of more 
than a line in height, below which the adhering surface is slightly 
expanded ; umbo indistinct and small; margins starting from it 
at a slight slope, curving suddenly at the shoulders (which are the 
widest part of the shell), and then running down obliquely in almost 
straight lines, till they meet at the centre of the lower part in a 
strong curve; interior with fine reticulations on the flat part, 
formed by rounded curving lines, which branch so as to form lozenge- 
shaped spaces. Similar, but closer markings, broken by one or two 
transverse ridges, are continued on the inner surface of the rim; 
the exterior surface of which is covered by numerous, indistinct, 
elongate striz. 

Left valve (fig. 22) with the interior slightly concave, and then 
sinking perpendicularly to form a marginal rim two lines deep; 
concave part with indications of markings similar to those of the 
other valve but much larger. On the curve of the rim are numerous 
elongate serrations, the perpendicular side of the rim being smooth, 
and the edge covered by fine crenulations. The exterior of this 
valve is entirely hidden by the matrix. 

Locality. Dundry. 

Dimensions. 5 lines long, 6 wide, and 1 deep. 

I have collected many specimens of the right valve adhering te a 
flat surface of stone, which was bored by Annelids and Lithodomi. 
They appear very uniform in shape. I found a single left valve 
in the upper part of the Humphriesianus-zone in the same quarry ; 
and, though there are some differences in markings, there seems to 
be no reason to suppose that it belongs to a different species. This 
shell comes very near Pl. reticulata of Deslongchamps (loc. cit. 
t. 18. fig. 24-35), but seems to differ in shape, and the presence of 
markings on each surface of the rim in the right valve. Pl. lepis 
of the same author is a more elongated and rounded shell, and 
is smooth on the interior of the rim. 

Spondylus dichotomus, Buv., differs in being orbicular as well as 
in the absence of marking on the inner surface of the rim. 


PLICATULA SUBSERRATA, Goldf., sp. Plate XVI. figs. 4, 5. 
1834. Ostrea subserrata, Goldf. Petr. Germ. t. 74. fig. 1. 
1852. Plicatula impresse, Quenst. Handb. t. 41. fig. 27. 
1857. Plicatula impressa, Oppel, Juraf. Sect. 80, no. 90. 
1858. Plicatula subserrata impresse, Quenst. Jura, t. 73. fig. 45, 46. 
Small shells which appear to agree with this species occur in 
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the Inferior Oolite of Bradford Abbas. The right valve is mar- 
ginally convex, but centrally flat; the umbo, which was probably 
gone in Goldfuss’s specimens, is small, delicate, and bent backwards. 
It is covered by about 15 sharp distant rays, which have a tendency 
to become spinulous. The left valve is flat or concave, covered by 
innumerable granulations which tend to arrange themselves in 
longitudinal Hee. 

It seems to occur in Germany higher in the series. D’Orbigny 
has given Goldfuss’s name as a synonym for O. gregaria, but appa- 
rently without reason. It bears some resemblance to Pl. catinus, 
Desl., Mém. Soc. Linn. Norm. vol. 11. t. 16. fig. 8; but in that the rays 
are less acute, and the upper valve is smooth. 


GERVILLIA GLADIOLUS, n. sp. Plate XVI. figs. 7, 7a. 


Shell very straight, sabre-shaped and elongated, exceedingly 
oblique, nearly equivalve, convex near umbo, but almost flat in the 
further half of the shell; edges acute; hinge-line apparently less 
than half the length (2: 23): umbones at the anterior extremity, 
small, approximate, and not distinct from the rest of the surface, 
that of the right valve being much the smaller; the margins 
nearly parallel, the anterior one curving suddenly round to the 
umbo, so that the anterior auricle must be rudimentary; shell 
exceedingly thin, apparently crowded with fine, concentric, irregular 
strize, which appear somewhat pustulose ; posterior muscle-mark in 
the centre of the shell, large, ovoid, and concentrically ridged. 

Locality. Dundry. One specimen in the Bristoi Museum. 

Dimensions. Length 13 inch, breadth 53, depth 2. 

This fine shell seems to be very distinct. I have found nothing at all 
approaching it described from Jurassic rocks. The fossil is, in parts, 
much worn so as to give the interior characters, but in other parts 
the original surface seems to remain uninjured. The matrix is deep- 
yellow ferruginous sand including numerous rounded quartz grains, 
a not unusual condition in the Dundry beds. 


GERVILLIA INTERMEDIA, n. sp. Plate XVI. figs. 8, 9. 


Shell extremely inequivalve, somewhat contorted; right valve 
elongated, very convex, especially longitudinally, subspirally curved 
to umbo, which is very prominent and carries on the same curve 
over the hinge-line, almost at its anterior point; anterior auricle 
distinct, but small; hinge-line twisted in front, elongated, two thirds 
the width of the shell; anterior margin very steeply curved. 
Margins inclining to each other at a slight angle, and meeting in a 
very convex curve at the postero-inferior corner ; posterior margin 
slightly concave near the hinge-line. Surface in most specimens 
covered with slight irregular growth-lines, but, in one very well- 
preserved specimen, showing very numerous, concavely scalloped, 
delicate, concentric laminz, of which some traces may be seen in 
the other specimens. 

Left valve very much smaller, longitudinally flat, transversely 
convex; umbo small, not reaching hinge-line; very differently 
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marked from the other, being covered with very numerous, simple, 
parallel, regular laminee. 

Locality. There are three specimens from Dundry in the Bristol 
Museum, and I have obtained it from that place as well as from 
Bradford Abbas, and from the Sands of Frocester. Other specimens 
are at Jermyn Street. 

Dimensions of both valves 12 inch long, 3% wide, and 1 inch deep. 

Though it seems to be a not uncommon shell, I have been unable to 
identify it with any species of which I have seen a description. 
G. levigata is too indistinctly described by Lycett in the Annals of 
Nat. Hist. 1850 to be recognizable. Mr. Tawney has conjecturally 
named the species G. tortuosa; but it seems to me very distinct 
from the specimens of that shell which I have seen, as well as from 
Sowerby’s figure. Phillips’s figure of Gastrochena tortuosa, though 
nearer to it, is still much shorter and more oblique. Quenstedt’s 
figure of the smaller valve of the same species (Jura, t. 48. fig. 19) 
is rather like, but more oblique and very different in crnamenta- 
tion. G. Pediat. Morr. and Lyc., has a much larger umbo, and is 
more contorted and less oblique. Gt. lata, Phill., Geol. Yorksh. 
vol. i. t. 11. fig. 16, and G. Hartmann, Miinst.., Golde. Petr. Germ. 
t. 115. fig. 7, are much more equivalve shells. It may possibly 
agree with G. fornicata, Lycett, ‘Cotteswold Hills,’ p. 121, but seems 
to differ in wanting the sinuations in the infero-anterior border, and 
being less oblique. 


GERVILLIA compPREsSA, n. sp. Plate XVI. fig. 6. 


Shell flattish, very oblique, moderately transverse ; umbo very 
anterior, not prominent, facing and sloping forward, acute, and 
not rising above the level of the hinge-line; front auricle small 
and convex; hind auricle large and very. flat or even concave. 
Hinge-line straight and nearly of the same length as theshell. The 
margin of front auricle convex, and then, after a short sharp concavity, 
where it meets the body, continuing in a curve, almost that of an egg, 
nearly from its acute to its obtuse ud! It then curves more sud- 
denly, and from this point a line runs up, at first slightly concave, and 
then convex, in rear of and defining the umbo; the posterior edge, 
after coinciding with this line for about one sixth of its length, 
proceeds gor some time obliquely from it, and then becomes decidedly 
concave as it turns out to meet the posterior end of the hinge-line. 
Surface smooth, with a few indistinct growth-strie: in front of the 
above-mentioned line, it suddenly rises, and then becomes flatly 
convex, being spathulate in its infero-posterior part. It slightly 
overlaps the general margin at the antero-inferior corner. 

There is a single left valve from Nailsworth in the Jermyn-Street 
Museum, which measures 18 lines long, 28 wide, and 10 deep. 

The most marked features are its obliquity, the sharp line behind 
the umbo, and its very slight convexity ; thus it approaches Pteroperna 
plana, Morr. and Lyc., though it is very different from that species, 

It is rather similar to Avicula modiolaris, Goldf. Petr. Germ. 
t. 118. fig. 5, but is a much flatter and more oblique shell. 
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PINNA CLAVIFORNIS, n. sp. Plate XVI. fig. 11. 


Shell large, club-shaped, subangulate in front, flattened and 
much expanded behind; apex produced; dorsal side very con- 
cave; antero-inferior side long and straight; postero-inferior side 
curved ; postero-inferior corner convex; surface with no signs of 
radiations, but with rather regular curved, concentric bands, formed 
by distinct bulges of growth, which are covered by indistinct thread- 
like concentric striz, are oblique and most prominent in the central 
part of the valve, and curve suddenly forward, to unite with the 
margin. There is one specimen in the Jermyn-Street Museum. 

Dimensions. 5 inches long, by 9 wide, and 2 deep. 

It appears to be a more curved and inequilateral shell than Pinna 
ampla (Sow.), and also wants the longitudinal markings, which, 
however, Morris and Lycett state to be sometimes absent in the 
latter shell. Thurmann and Etallon, Leth. Bruntr. t. 28. fig. 3, give 
a figure of P. ampla which approaches it a little more nearly in 
shape, though still remaining distinct. 


PINNA DUNDRIENSIS, n. sp. Plate XVI. fig. 10. 


Shell large, hastate, flattened, very oblique; anteriorly convex 
and subacuminate; dorsal side straight: inferior side rather swollen 
posteriorly ; surface with 12 or 18 distinct, radiating straight lines, 
one of the central ones being larger than the others, which are 
distant and very rounded, and are rendered nodulous on the lower half 
of the surface by very distant indistinct transverse lines. Test of two 
layers, the outer of which is about the eighth of an inch thick, and 
perpendicularly fibrous. 

Dimensions. 3 inches by 5 inches, and 2 inch deep. 

I have found this shell at Dundry in the Humphriesianus-zone, 
but generally in fragments. There are specimens from that place 
in the Bristol Museum, and from the Inferior Oolite of Litchborough 
and Dundry in the British Museum. 

It appears to be a much flatter, broader shell than P. cuneata, 
Bean, and has fewer rays and less convexity than P. fissa, Goldf. 
P. ampla, Young and Bird, appears to be of quite a different shape. 


MyvtILUs PRIMIPILARIS, n. sp. Plate XVI. figs. 13, 13c. 


Shell oblique, hastate, somewhat convex in front, very much 
flattened and produced at the supero-posterior corner ; umbo quite 
anterior, small and pointed, projecting forward and slightly com- 
pressed at its extremity ; hinge-line very long, slightly con- 
vex, more than # the width of the shell; anterior wing very 
small and distinct; inferior margin very oblique and straight ; 
infero-posterior corner rounded ; posterior side oblique, forming an 
obtuse angle with hinge-line; surface with a few steep, smooth, 
step-like lines of growth at unequal distances, the lines of greatest 
convexity running near and parallel to the antero-inferior border. 

Dimensions. 16 lines long, 8 wide and 6 deep for both valves. 

In the Jermyn-Street Museum there are three specimens from the 
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Inferior Oolite of -Stubbington, and in the British Museum one 
from the Barnack Rag. 

It is quite unlike Mytilus lunularis, Lycett, ‘ Cotteswold Hills,’ 
p. 128, which has a sharp concave ridge overhanging the whole 
anterior side to the inferior margin: neither do I think it agrees 
with Mytilus Leckenbyi, Morr. and Lye., pt. ii. t. 14. fig. 9, on account 
of its larger anterior wing and more angulated posterior margin, or 
with Mytilus Binfieldi, Morr. and Lyc., pt. i. t. 4. fig. 10, on account 
of the more twisted nature of its surface. MW. sublevis, Sow., as 
figured by Morris and Lycett, pt. 1: t. 4. fig.19, is more arched in 
front and flatter behind, and J. ungulatus, Young and Bird= WM. 
tumidus, Morr. and Lye., loc. cit. fig. 6, is more tumid, and has a 
larger anterior wing. 


Myvritvs sTRIATIssimus, n. sp. Plate XVI. fig. 12. 


Shell elongated, oblique, arched or laterally ungulate, sometimes 
rather squared behind; very convex in front, but flattened towards 
the inferior margin. Umbones terminal, acute, elongated, and 
curved forward, depressed and attenuated at the apex. Lines of 
erowth distant and well marked, becoming closer and sharp near 
the margins. Radiations very fine and extremely numerous, close, 
rounded, and smooth, except that they are rendered somewhat rugose 
or zigzag by the crossing of the lines of growth, but not ornamented 
by transverse markings, very regularly radiating and, occasionally, 
dichotomizing, so as to remain the same size on all parts of the shell. 
Anterior ear very small and steep, having a small portion of the 
surface smooth and without rays on its hinder part. Huinge-line 
straight and of considerable length. Anterior margin concave ; pos- 
terior convex ; inferior ovate. 

Dimensions. 24 inches long by 14 wide by 24 deep for both valves 
(Bristol Museum). 

There are two specimens in the Bristol Museum from Dundry; 
two 1v the British Museum labelled “ Leckhampton” (though having 
much the appearance of Dundry fossils), and a smaller one in the 
Jermyn-Street Museum from Castle Cary, near Bruton. 

This shell is distinct from Mytilus furcatus, as figured by Goldfuss, 
by Quenstedt, and by Morris and Lycett. In all of these the ribs 
are much larger, fewer, and highly ornamented. 

Modiola aspera, Sow., differs by having imbricated and fewer ribs, 
and a much more elongated anterior wing. It is still more unlike 
Phillips’s figure of this shell, which Lycett supposes to represent MV. 
furcatus, and which D’Orbigny has referred to a distinct species 
under the dreadful name of “ subasperus.” 

It more nearly approaches Mytilus pectinatus, Sow., Min. Conch. 
t. 282; but in this Corallian fossil, the rays seem to be very much 
finer, and the anterior wing still smaller and without any smooth 
surface; while it is a much straighter and more wedge-like shell. 
This was quoted by Lycett, in the ‘ Annals,’ 1850, from the Inferior 
Oolite and Great Oolite of Gloucestershire ; but it is not mentioned 
in his monograph, which was published soon afterwards. 


Q.J.G.8. No. 156. 2P 
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Mytilus gradatus, Terg. & Jourd., is squarer in shape, with more 
broken radiations. ; 


ARCA MQUATA, 0. Sp. 


Shell very transverse, attenuated behind, smooth, excepting indis- 
tinct lines of growth. Umbo nearly central, depressed along its centre, 
elevated, incurved, rather slender, distant, but not extremely so, very 
slightly facing forwards. A prominent subacute angle runs down 
from the posterior side of the apex to the infero-posterior corner of 
the shell, the posterior wing which is defined by this béing very con- 
cave. Hinge-line somewhat concave by its extremities being raised ; 
anterior and posterior sides inclined obliquely to it, and parallel to 
each other. Inferior margin slightly concave in the middle. 

Locality. Leckhampton. There is a specimen in the British 
Museum from the freestone of the Murchisoni-beds of that hill. 

Dimensions. 6 lines long, 14 wide, and 3 deep for the single 
valve. 

The keeled and central beak joined to the great width distinguish 
this shell. 

Itis much like Cucullwa ferruginea, Lycett, ‘ Cotteswold Hills,’ p. 
125, in general shape, but differs from that species in being smooth. 


ARCA CULMoTECTA, nD. sp. Plate XVIII. figs. 1, la. 


Shell very transverse, quadrately ovoid, moderately convex. Um- 
bones very small, moderately distant, anterior (situate about one 
third of the width from the anterior side), facing forward, much flat- 
tened, so that the back of the shell is flattened and bounded by two 
rather sudden convexities as it sinks to the wings. Hinge-line | 
about two thirds the width of the shell, with numerous oblique teeth 
on each side, those in front being the closest. The corners of the 
hinge-line somewhat rounded, especially the rear one, the side mar- 
gins meeting them obtusely. ‘The anterior margin nearly evenly 
convex, the inferior margin nearly straight, but curving very sud- 
denly round its posterior corner, after which the margin goes 
obliquely to the hinge-line. 

Surface covered by small, close, rounded, smooth rays, occasionally 
dichotomizing ; growth-lines distant, more or less distinct, in some 
specimens hardly breaking the rays. 

Two specimens from Dundry, in the Bristol Museum, and two 
(one from Dundry and one from Cold Comfort, near Cheltenham) in 
the British Museum. 

Dimensions of each valve, 11 lines long by 23 wide, and 4 deep. 

This shell seems to be distinguishable by its very small and prox- 
imate umbo, and by its crowded even rays. 

Arca ovata, Buckm., in Murchison’s ‘Geology of Cheltenham,’ 
bears some slight resemblance to this shell; but it would appear 
to be distinct on account of the more central and pointed umbo, and 
the much more distant strie. Buckman’s name, moreover, appears 
to have been before used by Gmelin, as well as by Sowerby in 
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Murchison’s ‘ Siluria,’? for a Devonian shell, the latter, however, 
probably not being now referable to the same genus. 


Macropon? RAprpus, n. sp. Plate XVIII. figs. 2, 2a, 3. 


Shell very transverse, flat and ovate. Umbo very anterior, smail, 
depressed, proximate, and slightly curving forward. Surface much 
flattened on the back, decidedly concave behind the rounded line from 
the umbo to the posterior point, and indistinctly so at the supero- 
anterior corner; covered by yery numerous, low, rounded rays, which 
are frilled by multitudinous transverse markings, are separated by 
channels of their own width, and become gradually larger towards the 
posterior angle. A few impressed lines of growth. Anterior mar- 
gin very convex, and posterior one extremely so, the greatest cur- 
vature in both being in the inferior part. Inferior margin slightly 
convex. Hinge-line much less than the transverse diameter, bluntly 
subangular in front, curved behind, very narrow, marked by three 
or four long, curved, transverse lines, with four very small oblique 
teeth at each extremity. : 

Dimensions. Length 16 lines, width 36 lines, depth 5 lines (for 
one valve). 

There is a very fine specimen in the Jermyn-Street Museum, and a 
less perfect one in the Bristol Museum, both from the Humphriesia- 
nus-zone of Dundry. In the former, no signs of the teeth could be 
found, and this threw great doubt on its genus, until the hinge was 
developed in the Bristol specimen. If, as is probable, the long 
transverse lines belong to the ligamental area, then the hinge itself 
would be almost linear for the greatest portion of its width. 


MAacropon RASILIS, D. sp. 


Shell extremely transverse, oblique, very convex. Umbones mode- 
rately elevated, much incurved but very distant, very anterior and 
facing forward. Hinge-area broad and somewhat excavate. Hinge- 
line long, with several radiating teeth in front, and one long and 
two short transverse ones behind; extremities angular. Anterior 
margin oblique, convex; inferior straight; and posterior deeply 
eonvex. Valves slightly concave immediately below the posterior 
end of the hinge-line, otherwise roundly convex; slightly depressed 
and gaping at the centre of the inferior side. Surface smooth, ex- 
cepting numerous irregular growth-lines. 

Dimensions of each valve, 5 lines long, 15 lines wide, and3 lines deep. 

Locality. Bradford Abbas; one specimen in the Bristol Museum. 

This specimen is very similar to Oucullea elongata, Sow., Min. 
Conch. t. 447. fig. 1, in general shape, but differs in the absence of 
radiations. From Arca sublata, D’Orb., which is figured by Thur- 
mann and Ktallon, Leth. Bruntr. t. 26. fig. 8, andis the Arca lata of 
Koch and Dunker, Verst. nordd. Oolgeb. t. 7. fig. 10, it is distin- 
guished by its greater width, rounder form, and more anterior and 
less pointed umbo. Arca elongata, Goldf. t. 123. fig. 9,is a more 
angular and radiated shell, and is considered to be the young form 
of Macrodon hirsonensis, D’ Arch. 

. 2P2 
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NucvuLa QuILaTERALs, Terg. & Jourd.? 


1858. Nucula, sp., Quenst. Jura, t. 73. fig. 52. 
1871. NV. equilateralhs, Terq. & Jourd. Mém. Soc. Géol. Fr. ser. 2, 
vol. ix. t. 11. f. 23-25, 


I have collected some minute shells from the Humphriestanus- 
zone of Bradford Abbas, which have a close resemblance to this 
shell, but are rather less transverse and equilateral, so that a distinct 
escutcheon may be observed. From the Liassic Nucula palme, 
Quenst. Handb. t. 44. fig.8, and Jura, t. 13.1. 42, they differ by having 
a much smaller umbo and being a more perfect oval. As they are 
all closed valves, I am not at all certain that they even belong to 
this genus, in spite of their general resemblance to Terquem’s shell. 


Nucuta supetoposa, Romer. Plate XVIII. fig. 4. 


1836. Nucula subglobosa, Rom. Ool. Geb. t. 6. fig. 7. 

1837. NV. nucleus, Deslongchamps, Mém. Linn. Soc. Norm. 1837, t.1. 
fig. 8. 

1849. WN. subglobosa, D’Orb., Prodr. sect. 9, no. 209. 

1849. WV. nucleus, D’Orb., Prodr. sect. 10, no. 344. 

1853. WV. subglobosa, Chap. & Dew., Foss. Lux. t. 24. fig. 8. 

1858, WV. Hammeri, Quenst. Jura, t. 43. fig. 7, 8. 

1869. WV. subglobosa, Brauns, Mittl. Jura, t. 261. 


Shell exceedingly convex, ovoid, truncated in front, rather sharply 
convex behind. Umbo anterior, proximate. Surface, with irre- 
gular impressed growth-strie. Lunule distinct. Inferior margin 
curved. Structure massive. Hinge large, curved, covered with 
numerous parallel teeth. 

The closed shell measures 5 lines long by 6 wide and 44 deep. It 
is common in the rubbly beds of the Humphriesianus-zone at Brad- 
ford Abbas. There are also numerous examples of it in the Jermyn- 
Street Museum from various localities. 

This species is undoubtedly the WV. nucleus, Desl., from the Infe- 
rior Oolite of Calvados, with which it has been identified by the 
Jermyn-Street authorities ; but I am unable to see any difference be- 
tween it and IV. subglobosa, Rom., or Quenstedt’s rounder variety of 
N. Hammeri. His wider variety, which agrees with Goldfuss’s 
t. 125. fig. 1, and is probably the same as WV. Hammeri, Defr., as 
argued by Quenstedt, p- 313, against D’ ie occurs rather 
higher in the English Jurassic series. 

Y. subglobosa is given by Morris and Lycett as a synonym of 
NN. variabilis (Sow.), from which the present shell is certainly 
distinct ; but while upon comparison Rémer’s species seems decidedly 
separate from that figured in the monograph, it does not appear 
distinguishable from these Dorsetshire fossils, which vary consider- 
ably, and are often wider than the specimen figured in the accom- 
panying plate. I therefore feel obliged to retain Romer’s name in 
preference to that of Deslongchamps. 
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NovcvLa Nuctrormis, n. sp. Plate XVIII. figs. 5, 5a. 


Shell small, nearly spherical, oblique, very convex. Umbones 
extremely large, anterior, but curving round regularly, and be- 
coming proximate and subacute at their extremities. Lunule bounded 
by a rounded circular groove, within which the surface swells again, 
so that the anterior side, the lunule, and the side of the umbo are in 
one flat plane. Posterior and inferior margins meeting in a some- 
what produced rounded corner, the ventral margins of the two 
valves meeting perpendicularly. Surface with irregular growth- 
lines, and four or five much deeper depressions, so that it appears 
concentrically swollen in three or four curves. 

Locality. Dundry. One specimen in the Bristol Museum. 

Dimensions of both valves, 6 lines long by 5 wide, and 5 deep. 

This may possibly be only an extreme variety of the preceding 
form, although its prominent lunule and spherical shape seem to 
individualize it very strongly. 


IsoARCA CAPITALIS, n. sp. Plate XVIII. fig. 6. 


Shell massive, very convex, and transverse. Umbo extremely 
swollen, incurved, and rounded, situated at one fourth the diameter 
from the anterior side, and nearly proximate. Hinge rather less 
than the width of the shell, bluntly angular in front, and covered with 
very numerous oblique teeth, which are longest on the anterior side. 
Hinge-area very narrow, bounded behind by a strong ligamental 
ridge, which curves from the umbo to the posterior end of the hinge. 
Side margins obliquely divergent ; antero-inferior corner moderately, 
and postero-inferior corner exceedingly convex ; inferior side nearly 
straight. Surface very convex, except at the superior corners, 
covered by occasional strong growth-ridges, and by multitudinous 
microscopical close flat rays. 

Size of each Valve—Length 13 inch, width 23 inches, depth 
1 inch, 

This shell, of which there are four specimens at Jermyn Street, 
from the Parkinson-zone of Rodborough, is very similar to Jsoarca 
transversa, Quenst. Jura, t. 78. fig. 9, which, however, is less trans- 
verse, more rounded in front, and has a more anterior umbo. J. 
ovata, Laube, ‘ Bivalven von Balin,’ t. 3. fig. 1, still more nearly ap- 
proaches it; but its posterior margin is much more evenly rounded, 
and the teeth are smaller in the front part of its hinge. 


Isocarca TEXATA, Miinst., sp. Plate XVIII. figs. 7, 7a. 


1832. Isocardia cordiformis, Zieten, Verst. Wirtt. 62. fig. 3. 
1832. Arca obliquata, Zieten, Verst. Wurtt. t. 70. fig. 2. 

1836. Pectunculus tewatus, Miinst., Goldf. Petr. Germ. t. 126. fig.1. 
1836. Lsocardia texata, Munst., Goldf. Petr. Germ. t. 140. fig. 1. 
1843. Isoarca tewata, Munst. Beitr. z. Petr. vi. 83, t. 4. fig. 18. 
1858. J. tewata, Quenst. Jura, t. 78. fig. 11. 

1858. Isoarca cordiformis, Quenst. Jura, t. 93. fig. 17. 


A shell from Nailsworth, in the Jermyn-Street Museum, is almost 
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exactly like the smaller of the two shown in Quenstedt’s figure on his 
t. 93. It is perhaps slightly more transverse. It would almost 
seem asif two distinct shells were united in the above synonymy, the 
other one being an ovoid:shell much lke J. transversa, Minst. ; but 
the material at hand does not appear sufficient for settling the point. 
The English shell is beautifully marked with fine close-beaded rays. 


Lepa LAcRYMA, Sow. 


1824. Nucula caudata, Sow. Min. Conch. t. 476. 

1853. Leda lacryma, Morr. & Lyc. Gt. Ool. Moll. pt. 2, t. 5. 
fig. 15. 

1869. L. lacryma, Brauns, Mittl. Jura, p. 264. 


There is a poor specimen from the base of the Inferior Oolite at 
Dundry, which appears to belong to this species. Dr. Brauns and 
Morris and Lycett give long lists of synonyms. 


CaRDIUM DUNDRIENSE, n. sp. Plate XVIII. fig. 8. 


1867. ? Cardium cognatum, Laube, Bivalven von Balin, t. 4. fig. 2. 


Shell almost exactly circular, globose, nearly smooth. Umbones 
prominent, central, direct, gently curving over the hinge-line. Sides 
nearly similar, the antero-superior portion being rather more de- 
pressed, and the margin rather produced at the lower posterior 
corner. Hinge with a distant lateral tooth on each side. Margins 
meeting all round at a moderate and equal angle. Surface with 
very fine concentric lines, crossed posteriorly by indistinct rounded 
swellings, but with no signs of radiating lines. 

Locality. One specimen from Dundry in the British Museum. 

Dimensions. 23 lines long by 22 broad, and 16 deep for the closed 
valves. 

This shell is very different from that figured by Phillips as C. 
cognatum. It would agree in shape with Morris and Lycett’s figure 
~nd description of the same shell; but it differs from that and all 
tne shells which I have seen referred to Phillips’s species by the total 
absence of radiating lines, which, though not appearing on Phillips’s 
figure, seem universally acknowledged as belonging to his shell. 
Their absence in the specimen is the more evident, because the con- 
centric marks are very distinct, and, just in the part where they 
should be covered by rays, some small Polyzoa are attached, which 
are wonderfully sharp and defined even under a lens. Mr. Tawney 
has referred it to Phillips’s species, and it may prove to be only a 
variety of that shell. 

Leckenby, in giving a corrected figure in the Quart. Journ. Geol. 
Soc. vol. xy. t. 3. fig. 8, which shows the rays, states that it was 
impossible to recognize Phillips’s species without a reference to the 
original specimens. Laube’s shell, though without striz, is wider, 
while Lsocardia clapensis, Terg. & Jour. Mém. Soc. Géol. Fr. sér. 2, 
vol. ix. p. 11, fig. 18, though very near in general shape, is covered 
by fine radiations, which do not appear in the figure. 
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CaRDIUM PULSATUM, n. sp. Plate XVIII. figs. 9, 9a. 


Shell subspherical, nearly circular. Umbones large and promi- 
nent, but incurved so as to extend considerably beyond the hinge- 
margin and to be proximate. Margins evenly convex, meeting at a 
small angle. Greatest depth a little behind the hinge-line. Surface 
smooth, except on the posterior part, where it is ornamented by 
about sixteen close, simple, rounded, and rather large longitudinal 
strie. Shell-structure very thin. 

The closed shell measures 12 lines long, 10 wide, and 8 deep. 

I have obtained this shell from the Inferior Oolite of Dundry. 
In the Jermyn-Street Museum there is a similar shell from the 
borders of Ponton Heath, near Grantham, and another and much 
larger specimen from Cold Comfort. 


Lucrna ? BuRTONENSIS, Lyc. 


1863. Lucina? burtonensis, Lyc. Suppt. Gt. Ool. Moll. t. 40. fig. 20. 


Shell orbicular, very flat, smooth. Umbones central, very small, not 
rising above the general surface, acute and pointed forward. Lunule 
indistinct. Escutcheon lancet-shaped, bounded by a distinct angle. 
Ventral margin slightly less rounded than the others. Valves 
meeting at a very small angle. Surface flatter posteriorly, almost 
smooth, having numerous flat, minute concentric markings of rather 
unequal width. 

There are two small specimens of this Forest-Marble shell among 
the Dundry specimens in the Bristol Museum. 


Kea Erneriners, sp.n. Plate XVIII. figs. 12, 13, 13 a. 


Shell transversely ovate, almost the exact shape of an egg, con- 
vex, attenuated behind. Front margin moderately convex ; poste- 
rior margin very convex. Umbo very anterior, situated about one 
fourth along the width of the shell, direct, minute, and incurved, just 
appearing above hinge-line. Hinge-line curved; two distant very 
distinct. teeth on the left valve, and two indistinct diverging ones 
on the right valve. Surface covered with unequal, sharp, distinct, 
thread-like concentric lines. 

It is about a line in length. 

Two specimens from the Barnack Rag in the Sharp Collection 
in the British Museum. 

These pretty little shells are very nearly allied to those figured by 
Sowerby from the Cretaceous rocks. 


SPHRA FIMBRIATA, n. sp. Plate XVIII. figs. 10, 11. 


Shell orbicular, very convex, somewhat produced and flattened at 
the superior corners. Umbones rather small, distinct, rounded, 
proximate, slightly anterior and curving subspirally forward. 
Margins nearly equally convex, inclined to each other at a moderate 
angle. Hinge-line curved, with a prominent rounded tooth just in 
front of the umbo, and a larger, longer, and more indistinct one behind. 
Ligamental groove long, narrow, and external. Lunule indistinct, 
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divided by the raised margins of the shell. Surface covered with about 
70 low, close, distnct, and very rounded rays, crossed by nume- 
rous concentric reg dar lines which form frills with the rays, and 
give the shell a kind of tesselated appearance. Test very thick. 

Dimensions. 10 lines long, 11 wide. 

Two specimens in the British Museum from Dundry, and one in 
my collection from the Parkinsoni-zone of Bradford Abbas. There 
are similar shells from the same locality at Jermyn Street. 

This form much resembles Sphera madridi, D’Arch., except in its 
ornamentation and its more dilate margins. Though Morris and 
Lycett, after.examining specimens of all ages, described that species 
as smooth, there must remain some doubt whether the present shell 
is more than an extreme variety of it. 


SPpH#RA oRAssicosta, D’Orb., sp. Plate XVI. figs. 16, 16 a. 


1849. Corbis crassicosta, D’Orb., Prodr. sect. 11, no. 239. 

1867. Sphera crassicosta, Laube, Bivalven von Balin, t. 3. figs. 5, 6. 

There are three small spherical shells from Nailsworth in the 
Jermyn-Street Museum, which perhaps belong to this species. 
Being closed valves and partly imbedded in matrix, they are difficult 
to decipher; hut they are smaller and deeper than the specimen 
figured by Laube. The lunule is smoother, and the escutcheon deeper, 
though both are undefined. ‘The umbo seems less prominent. The 
valves are very thick and meet perpendicularly. The shell measures 
about one line, and possibly may prove to be an Astarte. 


ASTARTE ANATIFORMIS, n. sp. Plate XVIII. fig. 14. 


Shell large, flattened, attenuated behind. -Umbo anterior, acute, 
proximate and prominent. lLunule sharply excavate, but very flat 
and shallow. Areasmall, with a deeply incised line from the exterior 
ligament. Margin concave in front of the umbo, then becoming very 
convex on the anterior side, and moderately so on the inferior parts, 
extremely convex on the posterior side, where the shell is narrowed 
and depressed, and straight behind the umbo. Hinge large, with 
one large central tooth and two less distinct lateral ones. Surface 
covered with numerous faint, irregular, concentric marks, divided 
into groups by nine or ten deeper lines. 

Length 21 lines, breadth 27, width 8 for the double shell. 

There are two specimens of this species in the J ermyn eae 
Museum, from Nailsworth. 


ASTARTE CRAssITEsTA, F. A. Romer. 


1839. Astarte crassitesta, F. A. Romer, Verst. ool. Geb. Supt. t. 19. 
fig. 18. 

349, A. crassitesta, E. A. Romer, De Ast. Gen. p. 11. 

1878. A. Mansellii, J. Buckman, Proc. Dorset. Nat, Hist. Club, 
Mole. t. 0. 1g. 3 

The shell described by Mr. Buckman, and which is common at 
Half-way House, does not seem to be distinguishable from Romer’s 
species. 


Se 
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ASTARTE ELEGANS, Var. MUNDA. Plate XIX. fig. 4. 


Shell large, transverse, moderately convex. Umbo small, in- 
curved, rounded, prominent, and situated at one quarter of the 
diameter from the anterior margin. Lunule small and extremely 
deep. Inferior margin slightly convex; anterior and posterior very 
much so, the anterior side being much smaller than the posterior 
one. Shell-substance massive. Surface covered by about forty-five 
prominent, rounded, transverse ridges, which unite in sets of three 
or four near the lunule, and are separated by concavities of the same 
size as the ridges. 

Size of the closed shell 21 lines long, 27 wide, and 10 deep. 

There are two specimens of this fine shell in my collection from 
Hardington, near Yeovil. It is so unlike ordinary specimens of 
A, elegans, even when they approach its size, in the greater round- 
ness and irregularity of its ribs as well as in being a flatter shell, 
that I am much inclined to regard it as a distinct species. From 


A. detrita, Goldf., t. 184. fig. 13, it differs through its flatness and 
the number of its ribs. 
ASTARTE MAGNALIS. 

1857. Astarte cordiformis, Lycett, Cottes. Hills, p. 126. 

Lycett’s name for this species from the Parkinsont-beds of Rod- 
boroug hrequires to be changed, as Deshayes had before used the 


same name for a different shell. He describes it as shorter and more 
tumid than A. rhomboidalis (Ph.), and destitute of plications. 


ASTARTE SUFFLATA, Rom. Plate XVIII. figs. 15, 15 4, 16, 16a. 
1342. Astarte suffiata, F. Romer, De Ast. Gen. t. 1. fig. 5. 
1849. A. cordiformis, D’Orb., Prodr. vol. 1. sect. 10, no. 281 (pars). 
1867. A. sufflata, Laube, Bivalven von Balin, p. 36. 


Shell thick, orbicular, very convex, slightly broader than long. 
Umbones very prominent, compressed, rounded, proximate, and 
slightly anterior. Lunule and escutcheon indistinct. Margin rather 
concaye in front of umbo, otherwise convex, rather produced at the 
posterior basal angle. Surface rounded, covered with about twenty- 
four flattish inverted ridges (so as to give a saw-like section with 
teeth facing apex). Just behind the central line of the valve spring 
a corresponding number of grooves, dividing each ridge into two un- 
equally high parts. Hinge-line curved. Teeth on the left valve 
distant and short, there being a wide central groove between them. 
Edges with coarse dentations within. 

Length 7 lines, breadth 7, depth 6. 

Whether Romer is justified in separating this shell from A. cordt- 
formis, Desh. Enc. Méth. vol. ii. p. 80, on account of the obscurity 
of its lunule and escutcheon, seems an open question. In its even 
surface-markings, though like some recent shells, it differs from any 
other Oolitic forms with which I am acquainted. 

There are four specimens in the British Museum from Dundry, 
and three in the Bristol Museum labelled “‘ Hampton Common.” I 
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have never found it myself. A. cordiformis, Desh., seems to be a 
common form at Des Moutiers and Bayeux, many specimens from 
those localities being in the British Museum. 


ASTARTE UNGULATA, Phil., sp. 


Astarte lurida, Phill. Geol. York. vol. i. t. 5. fig. 2 (non Sow.). 

A. ungulata, Lycett, Supp. Gt. Ool. Moll. t. 35. fig. 20. 

This shell is fully described in the Paleontographical Society’s 
Monograph as an Oxfordian and Cornbrash fossil. In the Bath 
Museum there is a specimen from the Inferior Oolite of Dinnington, 


Somerset ; and I have obtained it from the Parkinsoni-zone of Burton 
Bradstock. 


GovLpra ? ovaLis, Quenst., sp. Plate XVIII. figs. 17, 17 a. 


1852. Cardita ovalis, Quenst. Handb. t. 56. fig. 22. 

1852. ? C. problematica, Buy. Stat. Géol. de la Meuse, t. 15. figs. 
18-23. 

1858. C. ovals, Quenst. Jura, t. 93. fig. 33. 

1871. Corbis oviformis, Terq. & Jour. Mém. Soc. Géol. Fr. sér. 2, 
vol. ix. t. 10. figs. 80-33. 

Shell convex but flattened, small, massive, and obliquely trans- 
verse. Umbo small, acute, proximate, anterior and facing forward. 
Lunule indistinct. Ligament external. Teeth 2, 1; lateral 1-1, 1-1. 
Pallial line entire. Muscle-marks at the extremities of the long 
hinge-line, raised, but concave. Edges crenulated within. Margins: 
anterior convex, inferior nearly straight, posterior convex below and 
oblique above. Surface flattened on the back, but in the full-grown 
shell nearly perpendicular near the borders, covered with very fine 
transverse striz and a few indistinct growth-lines. Shell-structure 
thickest near the inferior margin. 

Dimensions. Length 5 lines, width 64 lines, depth of one valve 4 
lines. 

There are two specimens in the Bristol Museum from Bradford 
Abbas, and I have obtained many from the Humphriestanus-zone of 
the same locality. 

The figure in Quenstedt’s ‘Handbuch’ agrees exactly with the 
British shell; butin that in his ‘ Jura’ the hinge is incorrectly given, 
which might easily have arisen from the fossil from which it was 
drawn having been clogged with matrix. SBuvignier’s C. proble- 
matica may belong to this species, though its ornamentation is much 
coarser; but C. Moreana of the same author is a slighter and wider 
shell, and differs in the character of its hinge. -Astarte rhombea, 
F, Rom. de Ast. Gen. t. 1. fig. 3, has a smaller anterior side, and is 
less thickened at the margins. 


GovLpIa? MirRatis,n.sp. Pl. XVIII. figs. 18, 18 a. 


Shell small, oblique, very transverse. Umbo anterior, acute, 
small, curved forward. Hinge long, with two very divergent central 
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teeth enclosing a-groove, and one large posterior lateral tooth on 
the left valve. Ligament exterior? Lunule undefined. Margins 
slightly concave in front of the umbo, very convex anteriorly and at 
the infero-posterior angle, straight below, and oblique posteriorly. 
Surface flattened centrally, but becoming suddenly steep uear the 
margins, covered with numerous close, concentric, indefinite striz or 
growth-lines. An obtuse angle runs from the umbo to the infero- 
posterior corner. Edges smooth within. Structure very thin, except 
at the margins, which are thickened. 

Dimensions. Length 34 lines, breadth 6 lines, depth 3 lines for 
both valves. 

This shell, of which I haveva single specimen from the Humph- 
riesianus-zone of Bradford Abbas, is very similar to Gouldia? ovals, 
but is thinner and more transverse, and has a more prominent ubmo 
and a smooth straight inferior edge. From Cardita Moreana, Buy. 
Géol. Meuse, t. 15. fig. 29, it differs by the presence of a posterior 
tooth. 


CYPRICARDIA FILOPERTA, n. sp. Plate XVIII. figs. 19, 19a. 


Shell small, transverse, flatly convex, subquadrate. Umbones 
rather small, but well defined and prominent, proximate, anterior 
(being two thirds the diameter from the rear) slightly curving ante- 
riorly. Lunule small, ovate, deep. Escutcheon very narrow, long 
and lanceolate. Hinge-line oblique, long and straight. Anterior 
side narrow and very regularly convex. Inferior and posterior 
margins crenulated within, very slightly convex, and meeting each 
other at a highly curved corner, to which point an indistinct oblique 
angle runs down the shell from the umbo, behind which the surface 
is slightly concave. ‘The whole surface covered with exceedingly 
numerous, regular, acute, prominent, threadlike, concentric lines, of 
almost the same size, from umbo to margin, and with a few greater 
undulations beneath them. Shell-structure extremely thick, pro- 
bably half the mass of the fossil being composed of the shell. Valves 
meeting at a very small angle. 

Dimensions of the closed shell:—Length 9 lines, width 10 lines, 
and depth 6 lines. 

There are two specimens from Dundry in the Bristol Museum, 
and one in the British Museum, from Les Moutiers, France; but I 
have been unable to identify 1t with any described form. 


Opis sPATHULOSUS, n. sp. Plate XVIII. figs. 20, 20a. 


Shell flattened, very slightly convex, not oblique. Umbo exceed- 
ingly prominent and produced, central, flattened, bending gently 
forward, but comparatively erect; its apex being subacute, slightly 
curving inward, but distant. Lunule extremely deep and hollow, 
with well-developed flattened sides and defined subangular edges, 
the surface in front of the umbo turning rapidly round and 
doubling almost upon itself to form it. The anterior side much 
produced. The line of contour starting from the apex, being, for 
nearly half the length of the shell, concave (round the edge of the 
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lunule), then curving suddenly and directly forward for some 
distance, and then coming rapidly round the very convex anterior 
side to form the almost straight inferior margin. The posterior side 
seems to be bounded by two nearly equal straightish lines, one coming 
down the back of the umbo very obliquely and meeting a rather 
longer one, which is almost at right angles to the inferior side. 
There are indications of an angular ridge from the beak to the 
posterior corner; but the type specimen being defective in this 
part, it is impossible to be ¢ertain as to these characters. 

Surface covered with about thirty rather obliquely flattened, 
reflex, transverse ridges, separated by grooves of a similar size, 
becoming indistinct on the beak. 

One specimen in the Sharp Collection in the British Museum, 
from ‘Store Nine Churches, near Weedon,” and others in the 
Jermyn-Street Museum, from the Cornbrash of Appleby, Lincoln- 
shire. 

It bears much resemblance to the huge Opis trigonalis, Sow. ; 
but besides being distinguished by the very great difference in size, 
the lunule seems to be deeper, the umbo more erect, and the general 
contour more squared. 


MyoconcHa tnevis, n. sp. Plate XVIII. fig. 21. 


Shell elongate, oblique, recurved, flat, very massive. Hinge ex- 
tremely developed, especially in the anterior direction, where the umbo 
curves down to form a massive hook. External groove very well 
marked, Margins convex superiorly, dilate behind, concave below. 
Shell-structure extremely massive, consisting of coarse growth-layers 
which overlap the margins, except in the posterior parts. Surface 
slightly and irregularly convex, crossed towards the rear by the 
upper growth-layers. 

Dimensions. Length 53 inches, breadth 35 inches. 

There is a specimen of this shell in the Bristol Museum, from the 
Inferior Oolite of Dundry, and two similar ones in the J ermyn-Street 
Museum from Bradford Abbas. 

It differs from old specimens of Myoconcha crassa by the extremely 
elongated and hooked anterior extremity. The great development 
of shell gives it a superficial resemblance to an oyster, but the 
internal scars are very clear and typical. 


MyoconcHa IMPLANA, n. sp. Plate XVIII. fig. 22, and Plate XIX. 
fig. 5. 


Shell trigonal, very obliqne and transverse, angularly convex. 
Umbones small, subterminal, facing forward. Hinge-line very long, 
being more than three fourths of the breadth of the shell, straight, 
and with a groove running the whole length of its external surface. 
Front wing small, and very convex. Hind wing very much pro- 
duced. Anterior margin convex. Inferior margin oblique and 
straight. Infero-posterior corner sharply rounded. Posterior margin 
oblique, nearly straight, meeting the hinge-line at an obtuse angle. 
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The umbones form an obtuse ridge, which is continued in a slightly 
spiral line to the infero-posterior point; from this ridge the 
surface slopes flatly to each side, becoming slightly concave near 
the margins. Surface with coarse striations formed by the growth- 
lines and a few very delicate and distant thread-like radiations. 

This shell occurs frequently at Dundry in the state of casts, and 
there are several specimens of it in the Bristol Museum. In the 
Jermyn-Street Museum and my own collection there are specimens 
from Bradford Abbas and from Half-way House with the shell 
preserved. 

Dimensions of the closed shell :—Length 33 lines, width 17 lines, 
depth 10 lines. 

The Dundry casts were considered by Mr. Tawney to belong to 
the genus Myoconcha, which appears to be borne out by the shells 
in the Jermyn-Street Museum. 

Of Sowerby’s shells Modiola Hillana comes nearest in shape, but 
has a much shorter hinge-line, which is not one half the length of 
the shell. Modiola imbricata, Sow. t. 212. figs. 1-3, differs in its 
shorter hinge-line and larger anterior side, as well as in its concave 
inferior margin. Morris and Lycett’s figure of that shell is different 
from Sowerby’s. Myoconcha actwon, Morr. & Lyc.;is a rounder and 
flatter form, without the protruding ear, the shelving sides, and the 
triangular shape which so strongly define this species. 


THRACIA LEGUMINOSA, n. sp. Plate XVIII. figs. 23, 23 a. 


Shell flattish, very transverse, bean-shaped. Umbo minute, situ- 
ated two thirds of the way back, and slanting, but not facing poste- 
riorly. No lunule or escutcheon. Hdges meeting all round ata 
similar and very acute angle. Dorsal and ventral margins nearly 
parallel, the latter being slightly concave. The side margins convex, 
the anterior being considerably the larger. The antero-dorsal 
region slightly flattened from an indistinct angle. ee shell-sub- 
stance very smooth, thin, and shining. 

Dimensions of the closed shell nae lines long, 5 wide, aa 14 deep. 

Locality. Dundry.. Two specimens are in the Bristol Museum. 

The nearest approach in general shape to this fossil is Quenstedtia 
levigata of Morris & Lycett, Gt. Oolite Moll. pt. 2, t. 14. figs. 13; 
but in this the posterior side is smaller and the umbo larger. 
Myacites jejunus, Quenst., Jura, t. 68. fig. 6, also bears much resem- 
blance to it; but in that shell the inferior side is convex and the 
umbo less elevated. In shape it is similar to, but more angular than, 
Cyclas faba, Minst., Goldf. t. 147. fig. 8, from the Wealden. It is 
evidently most closely allied to Venus liasina, F. A. Romer, Verst. 
ool. Geb. t. 14. fig. 10, but would seem to be a somewhat less equi- 
lateral and transverse shell. 


THracia Stuperi, Ag. Plate XIX. fig. 6. 


I have obtained from Bradford Abbas a specimen which appears to 
agree with the shell figured by Agassiz, Et. Crit. p. 267, t. 35, and 
there are two from Bradford in the Jermyn-Street Museum. 
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It is very transverse, inequivalve, with a long escutcheon, the 
anterior side angulated, the posterior produced and squared, and 
very slightly gaping. 

It is very similar to Mya depressa, Sow. Min. Conch. t. 418, in 
general shape, but differs in the squared and flattened anterior part, 
and in the almost angulated posterior margin. 

Agassiz seems to have changed the name rather unnecessarily, 
and probably Thurmann’s specific name, Vellina incerta, sp., Rom. 
Verst. ool. Geb. t. 8. fig. 7, should be restored. - 


PHOLADOMYA CALLHA,n. sp. Plate XIX. figs. 7, 7a. 


Shell moderately convex, ovoid, transverse, somewhat flattened 
behind. Umbones small, well defined, rather flattened and very 
anterior, being often less than one sixth of the diameter from the 
anterior side. Dorsal side long and straight. Escutcheon very 
long and lanceolate, bounded by strong sharp ridges. Posterior 
margin very convex, the line of margin being continued on the 
inferior side in a fine uninterrupted decreasing curve. Anterior 
side narrow and slightly convex. Valves meeting at a small angle. 
The posterior gape moderately long, invading the dorsal side, and 
very narrow. Surface with small, close, irregular concentric markings, 
and twelve or thirteen sharply marked but very fine rays, which are 
simply breaks in the continuity of the surface, curving somewhat 
backward, and vanishing in the marginal parts. Test very thin. 

Dimensions. Length 22 lines, width 36 lines, depth 16 lines. 

This form is remarkable for its small anterior umbo, fine radiations, 
and generally symmetrical shape. It seems common in the ironshot- 
beds of Dundry. There are specimens in the Bristol and Jermyn- 
Street Museums, and I have obtained several from the quarry near 
the cross roads at that place. 

From Ph. oblita, Morr. & Lye. pt. 2, p. 142, and Lyc. Suppl. p. 120, 
it differs in the character of the umbones, the length of its anterior 
side, the less rounded form, and, according to the description only, 
the smaller number of rays. 

It undoubtedly approaches very near to Ph. ovulum, Ag. Et. Crit. 
t. 3. figs. 7-9, and t. 30. figs. 1-6, but seems to me distinct on account 
of its smaller, more defined and terminal beak, squarer anterior 
side, and more thread-like rays. Lycett’s shell, Suppl. t. 35. fig. 18, 
is very dissimilar, and Agassiz’s original conveys the idea of a more 
oblique and strongly ribbed form. ‘The variety figured by Mosch, 
Pal. Suisse, vol. i. t. 20. fig. 4, approaches it most nearly, though still 
haying the anterior side more rounded. 

Some smaller shells from Dundry in the Bristol and Jermyn-Street 
Museums, and from Bradford Abbas in my collection, agree very 
fairly with typical specimens of P. ovulum like that figured by 
Laube, t. 5. fig. 2. They are convex and ovoid, with large and 
more central umbones (situated two thirds forward), have the side 
margins curved, and have twelve rather prominent ribs, My own 
belief is that these belong to a different species from the former ; but 
considering the immense variability of the Pholadomye, it is impos- 
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sible to speak with certainty. Certainly the larger figures of Ph. 
ovulum, especially those of foreign authors, are very different from 
the larger Dundry forms, which seem to have well-defined charac- 
teristics of their own. 


PHOLADOMYA ForTIS, n. sp.? Plate XIX. fig. 8. 


Shell moderately convex, ovate, rather flattened inferiorly. Um- 
bones subcentral, direct, large, but low, and rather compressed. 
Escutcheon long, bounded by a strong ridge. Front and rear 
margins apparently convex; inferior margin nearly straight. Sur- 
face with irregular concentric marks, which are sharp and occasion- 
ally prominent, and with eleven very distinct and distant linear 
ribs reaching the margins and spreading over the whole shell. Test 
very thick. 

Dimensions. Length 17 inch, width 2 inches, depth 1 inch. 

I should have been inclined to suppose these shells, of which I have 
obtained two or three rather imperfect specimens from Dundry, to 
be a variety of Ph. ovalis, Sow., were it not for the very great thick- 
ness of their tests; for although Sowerby supposes one of his shells 
to have this quality, it is the one he obtained from the Portland- 
beds, and which does not at all agree with the present shell in other 
particulars. In the specimens of that species described by Morris 
and Lycett, whose figures are more like the present shell than are 
Sowerby’s, the test appears to be of the usual thinness in this genus ; 
and I have obtained other shells from Dundry agreeing with their 
figure, and therefore, as I suppose, the true Ph. ovalis, Sow., which 
are certainly distinct from the present species. 

It also bears great resemblance to Ph. twmida, Ag., which, with 
other species, Mosch unites with Ph. canaliculata, Ro.; but I find no 
mention of their having thick shells, and this, if it had been so, 
would have been almost sure to be mentioned from its rarity in this 
genus. It must therefore remain doubtful whether they belong to 
this species. 

The name “ Ph. angustata, Sow.,”’ is aften found in lists and labels 
of Inferior Oolite shells. I believe that this is because his figure 
has the appearance of being foreshortened, and is therefore supposed 
to be less transverse than is the fact. However, on examining his 
original specimens, it is at once seen that they are accurately repre- 
sented by his drawings. Ido not think this form ever occurs in 
the Lower Oolites, but that when the name is so used, it is applied 
to lengthened specimens of Ph. ovalis. 


PHotapomya Newtont, n.sp. Plate XIX. figs. 9, 9a. 


Shell small, flatly convex, subtrigonal. Umbo anterior, small, 
rather incurved. Anterior side large, swollen, and convex ; posterior 
much attenuated, and flatter. Margins convex, especially the anterior 
one. Hscutcheon broadly lanceolate, bounded by a strong keel to 
the posterior end. Surface covered by numerous regular, well- 
defined concentric furrows, and crossed by a few faint rays. 

Dimensions. Length 12 lines, width 16 lines, depth 8 lines. 
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This little shell from Bradford Abbas differs from Pholadomya 
bellula by its peculiar shape and finer markings. The variety of 
Ph. ovulum given by Mosch in Mem. Pal. Suisse, t. 20. fig. 5, which 
seems to resemble this shell, chiefly does so becamse the Swiss speci- 
men is injured and incomplete behind ; while Ph. paradoxa, Ag., and 
other species approaching it in general form, are all strongly radiated 
or keeled. Ph. orbiculata, Rom. Verst. ool. Geb: p- 132, of the Port- 
landian, is more angulated and oblique, with strong ribs. 


PHOLADOMYA BELLULA, n.sp. Plate XIX. figs. 10, 10a. 


Shell small, oval, very convex, slightly transverse. Umbo very 
large and anterior, elevated, tending rather forward and much 
incurved. Escutcheon long and large, bounded by very sharp and 
raised borders. Anterior margin obliquely rounded, inferior arched, 
and posterior rather narrow and convex. Surface with numerous, 
regular, deep striz, dividing it into broad, flattened, transverse plaits, 
the whole covered with crowded finer striz, and crossed by nine 
lines of strong radiating knots, only visible on the plaits, and arching 
backwards near the margins. 

Dimensions. Length 10 lines, breadth 13 lines, depth 9 lines. 

There are two specimens of this shell from Bradford Abbas in the 
Jermyn-Street Museum and one in my own collection. It is a very 
neat, highly ornamented form, and seems to me well marked, being 
distinguished from Ph. Heraultt, Ag. (=Ph. Murchisoni, Sow., pars), 
by its defined escutcheon, and from Ph. socialis, Chapuis (non Morr. & 
Lyc.), Foss. Lux. Suppl. t. 12. fig. 1, by that and by its knotted ribs. 

The Liassic species, Ph. Simpson, Tate and Blake, Yorkshire 
Lias, t. 12. fig. 8, which is stated tocom between Ph. Dewalquea 
and Ph. ambigua, is smooth behind, and these three shells have 
unkeeled escutcheons. 

From Ph. concinna, Ag. loc. cit. t. 7a. fig. 1-6, it is distinentened 
by its much more elevated beaks. 


PHOLADOMYA SPATIOSA, n. sp. Plate XIX. fig. 11. 


Shell large, ovate, deeply convex, transverse. Umbo large and 
prominent, round and anteriorly curved, considerably raised above 
the hinge-line. Escutcheon small and indistinct, without bounding 
ridges. Dorsal side straight; posterior side broad and flatly convex ; 
inferior side slightly convex and oblique; anterior side rather 
attenuated, rounded above and oblique below. Test thin. Surface 
covered with very numerous and irregular concentric strive, which 
nodulate the oblique ribs, of which eight are rather prominent, and 
reach the margins in a backward curve (the second front one being 
the largest), and two, one each side, are more indistinct and only 
visible near the umbo, so that the lateral portions of the shell are 
smooth. Gape very long and narrow. 

Dimensions. Length 31 inches, breadth 47 inches, depth 25 inches. 

There are fine specimens in the J ermyn-Sit eet Mu seum, in “my own 
collection, and especially in the British Museum, from the ironshot 
beds of the Humphriescanus-zone of Dundry. 
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This handsome species seems very like Ph. nodosa of the Obtusus-. 
zone, Goldf. Petr. Germ. t. 156. fig. 5, butits umbones are more pro- 
minent, so that the dorsal profile of the shell presents two sweeping 
concave curves. Mdésch has sunk Goldfuss’s name as a synonym of 
Ph. idea, D’Orb., v. Deshayesu (Chap. & Dew.), though Goldfuss cer- 
tainly has the priority. At all events, if his identification is correct, 
our species is certainly distinct, and, indeed, belongs to a different 
section of the genus, as D’Orbigny’s shell has well-defined shield- 
borders, which are wanting in the present one. 

From Sowerby’s longer figure of his Ph. Murchisonz it differs by 
not having such massive ribs and some other particulars. Mdésch 
reunites to that shell the form Ph. Herault, which Agassiz, followed 
by Lycett &c., had distinguished from it. The observation of many 
Dundry specimens has always led me to regard the latter authors 
as correct in this; but, in any case, it is clearly different from the 
present specics, and in fact occurs in a higher bed from that in 
which this is found. 

Ph, producta, Sow. Min. Conch. t. 197. fig. 1, approaches it more 
closely, but in it the umbo is less central, and the rays larger, more 
distant, and spreading over the anterior side. Mosch, loc. cit. p. 39, 
identifies this shell with Ph. delioidea; and if he is right, it has not 
the least to do with the one under consideration, being much longer . 
and altogether of another shape. 

From Ph. frickensis, Mosch, loc. cit. t. 10. fig. 1, itis distinguished 
by its much less terminal umbo and more distant rays. Compared with 
Ph. Witilingeri, Waag. Ben. Geogn.-Pal. Beitr. p. 614, of which there 
is a specimen among the Inferior Oolite fossils of the British Museum, 
and which has the same prominent second ‘rib, it is wider, with 
much longer and more defined umbo, and its anterior side is more 
produced above and obliquely truncated below. However, the two 
forms are so similar that I do not feel positive that they are dis- 
tinct species. 

Ph. media, Ag. loc. cit. p. 72, is very like it in ornamentation, but 
more rounded in shape, with a smaller less-defined beak and 
obtusely bounded escutcheon. Again, it comes much nearer to 
Ph. nymphacea, Ag. loc. cit. p. 71, in the former particulars; but in 
that the escutcheon is described as very large, deep, and obtusely 
pounded, and the muscle-mark is smaller. 


MyaciTEs sUBSIDENS, n. sp. Plate XVIII. figs. 24, 24a. 


Shell transverse, convex, but centrally flattened. Umbones rather 
anterior, facing anteriorly, and much incurved, truncated in front 
by a curving rounded angle, expanded backward. The cardinal 
areas defined by prominent obtuse ridges in both directions. The 
anterior and posterior margins deeply and nearly equally convex, 
the inferior margin slightly : so. The larger portion of the surface 
between the umbones and the inferior margin is laterally flattened, 
and covered with coarse prominent concentrie ribs or erowth- 
lines, which vanish rather suddenly as they approach phat lateral 
margins. 
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I have obtained several specimens of this shell from Dundry. 
There is a fine specimen in the British Museum and two at Jermyn 
Street from Leckhampton. 

Dimensions. About 10 lines in length and 138 lines in width. 

The central prominent and flattened umbones, together with the 
ribbed central and smooth lateral portions of the surface, serve to 
distinguish this shell, and I have not met with any species with 
which I have been able to identify it. The specimen figured, being 
an injured one, hardly shows its characters so well as might be 
wished. 


TEREBRATULA TaAwNeEYI, n. sp. Plate XIX. figs. 12, 12a, 12 b. 


Shell small, orbicular, flattened dorsally, convex ventrally. Beak 
moderately incurved and protruding upwards. Foramen very large, 
bounded by the summit of the dorsal valve. Deltidium absent. 
Ventral valve moderately convex. Dorsal valve only slightly so. 
Margins nearly circular. Slight indications of a very wide and 
fiat fold. Hinge-area small, linear. Surface covered with numerous 
fine rounded ribs, arranged in irregular groups by every third or 
fourth one becoming more prominent; these lines reach and cover 
the umbo. Shell-structure with exceedingly large and coarse 
puncta, arranged in curving rows. 

I have found a single specimen of this beautiful little shell in the 
upper beds of the Humphriesianus-zone at Dundry. 

Dimensions. It is about 6 lines in length and width and 3 in depth. 

Dr. Davidson, who has very kindly examined the fossil, informs 
me that he considers it to be new. 

In naming it after our much lamented friend, Mr. Tawney, by 
whose admirable arrangement of the fossils in the Bristol Museum 
I have been much helped in the examination of these shells, I can- 
not help bearing witness to the greatness of his loss to science; but | 
his persevering energy, accuracy of knowledge, and quickness of 
observation cannot make his early death more regretted among 
geologists than the kindness of his disposition, experienced by myself 
on many occasions, has done among his friends. 


RHABDOCIDARIS THURMANNI, De Lor., var. RecENS. Plate XIX. figs. 
13, 13.4, 136. 


I have obtained a fragmentary spine of Rhabdocidaris from the 
upper beds of the Humphriescanus-zone at Dundry, in which Man- 
gotia Forbesit not unfrequently occurs, as well as other Echinoderms, 
Thecidia triangularis, and some small sponges. It is much flattened, 
with expanding sides, convex shoulders, and small neck. The upper 
surface is covered by exceedingly numerous and fine nodulous lines, 
which become coarser and more distant on the sides and lower sur- 
face, down the centre of which runs a wide arching grove. The 
shoulders are covered with coarser spines. 

Dimensions. Width about 1 inch, depth 3 inch. 

It appears very like Desor and De Loriel’s figure of Rhabdocidaris 
Thurmanni, in their ‘ Echinologie Helvétique,’ t. 9. figs. 2-4, and 
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t. 61. figs. 2,3. They give as synonyms Crd. spatula, Thurm. (non 
Ag.), and C. copeoides, Quenst. (non Ag.), stating that it differs 
from C. copeoides, Ag. Cat. Ech., by its narrow and often long neck, 
fine marks, and absence of large spines at the base, and often is 
several inches in length. In our specimen the presence of large 
basal spines is very evident, but in other respects it might well 
agree with the Oxfordian form, so far as its upper surface goes, while 
it differs more from Rh. copeoides, Ag., in Desor’s ‘Synopsis,’ p. 41, 
and t. 9. figs. 3-7, both in the shape of its shoulders and the fine- 
ness of its markings. The latter is quoted from the Inferior 
Oolite as well as the Oxford Clay of the continent. Cidarites remus, 
Quenst. Jura, t. 48, fig. 25, and t. 79. fig. 61, seems to differ in the 
presence of a row of coarse lateral teeth or spines, and, as figured 
in the new edition of his ‘ Petrefactenkunde,’ seems very unlike. 

Considering the differences displayed (especially if the median 
groove be a permanent character) and lowness of the horizon, it 
seems to me most probable that this will prove to be a distinct species ; 
but, from the insufficiency of the material at command, I have merely 
given it for the present as a variety of the form which seems to 
approach most nearly to it. 


CHIRODOTA CONVEXA, n.sp. Plate XIX. figs. 14, 14a. 


Spicule with large central nucleus, from which spring seven spokes, 
which are flat, massive, and much arched, and increase in width 
towards the margin. These unite with the upper side of a vertically 
flattened circumference, which is in the same plane as the nucleus, 
and is compressed at the part where each spoke meets it, so as to 
present a rather seven-sided appearance. ‘The peripheral band is of 
about the same width as the spokes, and curves inwards, so that its 
free margin, which is smooth, is rather nearer to the nucleus than 
the attached one. 

This minute fossil comes from the Inferior Oolite of Burton 
Bradstock, and is very similar to that figured by Terquem & 
Jourdy in the Memoirs of the Geological Society of France, ser. 2, 
vol. ix. t. 15. figs. 8, 9.. These organisms, which have occurred in 
the Oxfordian and Inferior Oolite of Wiirttemberg, the Great and 
Inferior Oolite of France, and the Inferior Oolite and Middle Lias 
of India, are supposed to be the spicules of Holothuroids; and the 
present fossil agrees in general form with recent specimens with 


which I have compared it. 


CurropoTa ? GRACILLIMA, n. sp. Plate XIX. figs. 15, 15a. 


Nucleus small, circular, with about fifteen fine convex rays, which 
join the upper side of a rather broad peripheral band, which is 
flattened perpendicularly to the plane of the circle and concavely 
to the nucleus. The free margin is notched with very numerous 
(26) small triangular teeth. 

Locality. Burton Bradstock. 

This is a much finer, slighter fossil than the last one, from which 


it entirely differs in appearance. 
2e2 
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Of the Jurassic species, the Callovian Ch. Sieboldir, Schwager, 
Beitr. zur mikr. Faun. Jur.( Wirtt. Jahresh.1865), t. 7. fig. 28, has ten 
spokes and very numerous long teeth; Oh. atava, Waag. Ben. Geogn.- 
Pal. Beitr. t. 24. fig. 4, from Gingen, is flatter, with expanded spokes, 
forming key-shaped openings, and Ch. vetusta, Schw., MS., Ben. loc. cit. 
p- 297, ‘from the zone of Amm. transversarius, seems to differ in its con~ 
vexity, the character ofits periphery, and the arrangement ot its lower 
side. Moore, in the British Association Report for 1872, refers to 
three Liassic and one Oolitic species occurring in England, and having 
rays varying in number from five to thirteen. The latter, Ch. Car- 
pentert, which is the only form he there defines, seems to be much 
more ornate than either of the two which are now figured. IL cannot 
find that he has published any further description of his species. 


EXPLANATION OF PLATES XV.-XIX. 


In the following list, B.M. indicates fossils in the British Museum at South 
Kensington, J in the Museum of Practical Geology at Jermyn Street, and B in 
the Museum of the Bristol Scientific Institution, those without a letter being 
my own specimens. Where it was possible the figures and the measurements 
given in the text have been taken from different specimens of the same shells. 


Pirate XV. 


Fig. 1. Ostrea concentrica, Mimst., var. munda. Right valve. J. 
Knorrti, Voltz. Left valve; Bradford Abbas. 


3, 3d. Left valve and profile; Fullers’ earth, Frome. 
4,4a. pyrus. Left valve; Burnack. B.M. 
D. spheroidalis. Left valve; Yeovil Junction. 


6. Cast of left valve; Yeovil Junction. 
7, 7a. Gryphea abrupta. Left valve, and profile seen from behind ; 
Dundry. B. 


8, 8a. cygnoides. Right and left valves; Broadwindsor. B.M. 
99a. Sollasit. Left valve, and profile of shell; Dundry. B. 


10, 10a. Hxogyra Davidsoni. Left valve and hinge of the same, seen 
from the right. Frocester. 

1h, Lhe. globulus. Cast of left valve, front view and profile; Dus- 
ton. B. M. 

12,12a. Pecten fenestralis. Right valve, and magnified surface. Brad- 
ford Abbas. 

13, 13 a. intermittens. Right valve and a portion of surface, mag- 
nified. Birdlip. 

14, 14a. spinicostatus, Eth., MSS. Right valve and magnified 
surface; Dundry. B.M. 

demissus, Ph., var. inutilis. Fragment showing colour, completed 
from another specimen; Yeovil Junction. 

16, 16a. Placuna Rupertina. Cast of left valve, showing hinge-line, 
cartilage-ridges, and muscular impression ; and profile of the same 
valve; Duston. B.M. x4. 

Lil. sagittalis. Right valve; Dundry. 

18. Harpax Tawneyt. Interior of left valve; Dundry. B. 


15. 


uO) Enlarged portion of another specimen, in which the 
hinge is more perfect; Dundry. B. 
20. Parkinson, Qu. Right valve; Yeovil Junction. 


21, 21a. Plicatula Sollasti. Right valve, nat. size and magnified 3 dia- 
meters ; Dundry. 

29, 22a, 226. Left valve, nat. size and magnified 3 dia- 
meters ; and profile of the same epoca: Dundry. 
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Prats XVI. 


Fig. 1. Pecten cornutus, Quenst. Left valve; Bridport. J. 
2, 2a. —. Left valve, nat. size; and front ear, enlarged 
Leckhampton. J. 

z triformis. Right valve; Northamptonshire. B.M. 

. Plicatula subserrata (Minst.). Valve; Bradford Abbas. 

; Ditto. 


. Gervillia compressa. Left valve; Nailsworth. J. 

, 1G. gladiolus. Right valve and profile of shell seen from above 

Dundry. B. 

intermedia. Left valve; Frocester. 

9. -—. Profile of left valve; Bradford Abbas. 

10. Pinna Dundriensis. Portion of left valve. Dundry. 

us claviformis. Left valve; Selsby Hill, near Nailsworth. J. X43. 

12. Mytilus striatissimus. Right valve; Dundry. B. 

13, 13.4. primipilaris. Left valve and profile of same; Stubbing- 
ton. Jd. 

14, 14a. Cucullea equata. Right valve and profile; Freestone, Leck- 
hampton. B.M. 

15, 15a, 156. Macrodon rasilis. Right valve, nat. size, and profile and 

- hinge-area X2; Bradford Abbas. B. 
16, 16a. Sphera crassitesta, D’Orb.; Nailsworth. J. 


3 
4 
6 
7 
8 


Puate XVII. 


Figs. 1, 1 a.. Lima epybolus. Right valve and portion of surface, enlarged. 
Broadwindsor. J. (Its convexity is the same as that of Lima platy- 
bolus.) 

2. Lima amnifera. Right valve; Yeovil Junction. 
3, 38a, 30. contorquens. Right valve, profile, and magnified sur- 
face ; Northamptonshire. B.M. 


4,44. educta. Left valve and profile; Leckhampton. J. 
5, inoceramoides. Left valve, 3 natural size; south of Perrott. J. 
6, 6a, 64. majestica. Right valve and profile, $ natural size, and 


a portion of surface; Rodborough. J. 
PRICE placida. Right valve and profile ; Northamptonshire. B.M. 


8, 8a, 88. platybolus. Left valve, profile, and magnified surface ; 
Nailsworth. J. 


9. poetica. Left valve; Dundry. B. 
10. rodburgensis. Right valve; Northamptonshire. B. 
11, Ila. semimuda. Right valve and profile; Nailsworth. J. 
12, 12a. Sharpii. Right valve, 4 nat. size, and portion of surface ; 


Brockhall. B. 


Pratt XVIII. 


1, la. Arca culmotecta. Left valve and profile; Dundry. B. 


2, 2a. Macrodon? rapidus. Right valve and magnified surface. Dun- 
dry. 


F . Hinge-line, x2; Dundry. B. 

4, Nucula subglobosa, Rom. Bradford Abbas. 

5, 5a. nuciformis. Front and hind profiles; Dundry. B. 

6. Isoarca capitalis. Left valve; Rodborough. J. (Part of its mark-' 
ings have been obliterated in cleaning.) 

7, Ta. texata. Left valve and profile; Nailsworth. J. 

8. Cardium dundriense. Right? valve; Dundry. B. 

9, 9a. pulsatwm. Right valve, and profile seen from above. 
Dundry. 

10. Sphera finbriata. Left valve; Dundry. B.M. 

11. —— Hinge of right valve. B.M. 
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12, 12a. Kellia Etheridgu. Right valve and hinge, both magnified ; Bar- 
nack. B.M. 

13, Hinge of left valve, magnified ; Barnack. B.M. 

14. Astarte anatiformis. Right valve; Nailsworth. J. 

15, 15a. Astarte sufflata, Rom. Left valve and magnified surface ; Dun- 


16, 16a. ——- ——. Interior and profile of another specimen; Dun- 
dry. B. 

17, 17a. Gouldia? ovalis (Quenst.). Right valve and interior of same; 
Bradford Abbas. 

18, 18 a. mitralis. Valve and hinge, magnified; Bradford Abbas. 

19, 19a. Cypricardia filoperta. Left valve and profile seen from above ; 
Dundry. B. 

20, 20a. Opis spathulosus. Right valve, and profile of the same. K. 

21. Myoconcha unguis. Left valve; Dundry. B. 


22. —— implana. Profile of both valves, seen from above; Bradford 
Abbas. 

23, 23a. Thracia leguminosa. Left? valve, natural size and x2; Dun- 
dry. 5 


24, 24 a. Myacites subsidens. Right? valve and profile; Dundry. 


Puate XIX. 


1. Aneyloceras Waltom, Morr. Burton Bradstock. 

2. Toxoceras Orbignyi, B. & 8S. Half-way House, near Yeovil. 

3, 3a. Pecten puellaris: nat. size and enlarged. B.M. 

4. Astarte elegans, var. munda. Left valve; Hardington. 

5. Myoconcha implana. Left valve; Bradford Abbas. N.B. The pro- 
file of the same shell is given in Plate XVIII. fig. 22. 

6. Zhracia Studert, Ag. Valve, Bradford Abbas. 


7, 7a. Pholadomya callea. Left valve and profile; Dundry. 

8. fortis. Left valve; Dundry. 

9, 9a. —— Newtonit. Left valve and profile ; Bradford Abbas. 
10, 10a. —— bellula. Left valve and profile; Bradford Abbas. 
tf. spatiosa. Left valve; Dundry. B. 


12, 12a, 120. Terebratula Tawneyi. Dorsal and lateral aspects and mag- 
nified portion of surface; Dundry. 

18, 13 a, 1386. Rhabdocidaris Thurmanni, var. regens. The upper and 
under surfaces of the portion of a spine and a section of the same, 
nat. size; Dundry. 

14, 14a. Chirodota convexa. Spicule seen from front and rear, highly 
magnified ; Burton Bradstock. 

15, 15 a. gracillina, Spicule seen from front and rear, similarly 
magnified ; Burton Bradstock. 


For the Discussion on this paper, see p. 098. 
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29. Dzscriptions of Fossrz Sponezs from the Inrertor OorirE, with 
a Notice of some from the Great Oorrre. By Prof. W. J. 
Sotzas, M.A., F.G.S., Fellow of St. John’s College, Cambridge. 
(Read March 7, 1883.) 


[Puares XX. & XXT.] 


Srnce up to this time the lists of paleontologists afford no instance 
of a fossil sponge from the Inferior Oolite of this country *, we 
are the more indebted to my friend Mr. Whidborne for the rich 
representative collection of these forms amassed by his researches. 

A preliminary account of this collection is published in the Report 
of the British Association for 1882, p. 534. I now proceed to offer 
a more detailed description of its contents. 


HEXACTINELLID AL. 


DICTYONINA. 
KURETID&. 
EMmpioca, gen. noy. 


A cylindrical or ovate sponge, with thick walls surrounding the 
main excurrert canal, which, as a cylindrical tube, extends axially 
almost to the base of the sponge, and opens unconstrictedly at the 
summit in a circular oscule. The sponge walls are traversed by 
two sets of smaller canals, one incurrent, which, commencing in 
small round ostia evenly dispersed on the external surface, continue 
inwards obliquely downwards towards the axis; the other excur- 
rent, which, crossing the incurrent canals, run more or less parallel to 
the curved upper margin of the sponge and finally open into the main 
excurrent canal. Skeleton Euretid, z.c. a simple Dicytonine network 
with imperforate nodes; dermal skeleton not preserved. 

The genus agrees in general form and in the characters of the 


* On the continent one or two species have been described from the 
Inferior Oolite, and quite lately Dr. E. v. Dunikowski (Denkschriften d. math.- 
naturwissenschafthchen Classed. k. Akad. d. Wiss. in Wien, Bd. xlv., 1882) has 
described many loose fragments and spicules of Hexactinellid network from still 
lower secondary strata, viz. the Lower Lias of the Schafberg, near Salzburg. I 
append a list of Dr. Dunikowski’s determinations :—MonactinELLipm, Opetio- 
nella ? sp., Reniera sp., Scolioraphis ? sp., Esperia sp.; TurractTINELLIDs, 
Pachastrella ? sp., Stelletta sp., Geodia sp.; HpxactTInELLip#, Lyssakina, Stau- 
ractinella sp., Hyalostelia sp.; Dictyonina—Tremadictyum sp.; Craticularia sp. 
In England only a few Tetractinellid spicules have hitherto been described 
from the Liassie deposits. These, erroneously ascribed to a genus of Calci- 
sponges (Grantia) by their discoverer (C. Moore, Q. J. G. 8. vol. xxiii. p. 538), 
have been relegated to their right place by Carter. With regard to Dr. Duni- 
kowski’s memoir, I have only further to allude to a certain unfairness by 
which it is marred :—in the first place, a complete suppression of all reference 
to work of some earlier authors, while later ones are quoted; and, secondly, 
the ascription to Dr. Zittel of priority in the discovery that siliceous skeletons 
have been frequently replaced by carbonate of lime, a priority which he would 
be the first to disclaim. ; 
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canal system with the Hexactinellid Porocypellia, the Lithistid 
Siphonia, and an undescribed Renierid sponge. It differs from 
Porocypella in the imperforate character of its nodes and in the 
absence of a staurodermal covering. 


EmpLoca ovata, sp. nov. (Plate XX. figs. 1-6.) 


The species is founded on two well-preserved specimens, one of 
which is ovate in form, 13 inch high and Z inch broad; the other, 
more cylindrical, also 13 inch high, but 14 inch in breadth. In 
both, the incurrent ostia are about +, inch in diameter, and the 
osculum 7 inch. JBoth are sessile, a scar near the base indicating 
the point of attachment. The nearest approach I can find to this 
form amongst described species is Scyphia radiata ovalis, Quenst., 
from the White Jura (6) of Heuberge, near Balingen. It also 
resembles Scyphia dictyota, Goldf., from the Jurassic limestone of 
Streitberg. 

Loc. Dundry Hill, Bristol. 

Hor. Upper part of A. Humphriescanus-zone. 

Obs. The simplicity of the skeletal nodes is a character which 
cannot be mistaken in the thin slices of the sponge which I have 
examined under the microscope; but the presumed absence of a 
continuous dermal skeleton rests chiefly on negative evidence. Con- 
sidering, however, the excellent state of preservation of the speci- 
mens which have been examined, one would have certainly expected 
to find some traces of such a dermal covering if it had originally 
been present. 

Mineral Characters. The originally siliceous skeleton, in this as 
in all the sponges described in this paper, now consists of colourless 
transparent calcite, except where, as near the surface, it is repre- 
sented merely by hollow casts or moulds lined with a thin crust of 
some red ferruginous material. The material filling up the meshes 
of the skeleton is chiefly calcareous, and evidently owes its origin 
to a very fine calcareous mud, which has since become converted 
into stone by a deposition of calcite. The calcite in some places 
(1) has been evenly distributed throughout the mud, and so pro- 
duced an apparently homogeneous, finely granular, whitish-grey 
opaque material; in others (2) it has gathered along certain lines 
so as to form a network, the minute meshes of which are filled with 
an opaque granular material like that in (1); finally, in others (3) 
it has entirely obliterated the original granular character of the 
mud and brought it into the same crystalline condition as itself; 
thus patches of colourless calcite are produced. The matrix can 
be traced continuously from one place, where it is in a condition 
like that described in (1), through others by which it passes through 
all stages up to (8), that of complete crystallization. The network 
formed by the absence of mud or concentration of calcite along 
certain curved lines, as in (2), has a remarkably organic appearance, 
simulating in some cases Hexactinellid structure so closely as almost 
to lead astray the observer, the more so that it is frequently in 
direct continuation with the calcitic replacement of genuine Hexacti- 
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nellid structure, and so resembles the minute secondary rete which 
so commonly proceeds from the main fibres of many Dictyonine 
Hexactinellids. Its occurrence, however, in places where a sponge- 
skeleton certainly was never present, the wide variation and ex- 
cessive minuteness of the size of the meshes, and their frequently 
quite irregular form, all show that we have here to do with a purely 
inorganic structure; and its explanation is probably to be sought 
in the segregation of the fine granules of the original calcareous 
mud about innumerable centres,.by which pathways freer from 
sediment were left, forming a network to be subsequently filled in 
with calcite. In some places small nodules of white opaque porous 
silica occur in the matrix. The porosity of this silica is so great 
that on adding balsam it becomes almost instantly transparent; one 
can then discern in it a few hollow spaces, lined with a thin film of 
red oxide of iron, representing casts of the Dictyonine network of 
the sponge; while more abundantly present are crystals of colour- 
less calcite, similar in character to those which project into it on all 
sides from the surrounding matrix. One may hence infer that the 
siliceous nodules are of later growth than the calcitic infilling of the 
sponge. In connexion with the occurrence of silica it is interesting 
to note that, corresponding with the replacement of the originally 
siliceous sponges of Dundry Hill by calcite, we find the opposite 
replacement to have taken place in the corals of the same deposit, 
which now sometimes exist as siliceous pseudomorphs: silica is also 
not uncommon as an infilling material of the associated Forami- 
nifera. 

The smaller canals of the sponge, both excurrent and incurrent, 
are generally traversed axially by a thin thread of calcite, the rest 
of the canal being filled up with consolidated calcareous mud*. In 
describing the Siphonie of the Blackdown Greensand I mentioned 
a similar thread (Q.J.G.S. vol. xxxiii. p. 814), but in this case con- 
sisting of silica, and separated by an empty space from the adjoining 
skeleton. It was conjectured that this thread had been produced 
from colloidal silica which originally filled the whole of the canal 
from side to side, but subsequently, on undergoing solidification, 
shrank to its present dimensions. Since, however, in other sponges, 
we now find precisely similar threads, but consisting of calcite, 
which, unlike silica, is not known to originate from a colloidal 
state, recourse must be had to a different mode of explanation, and 
the following may be suggested. In some sponges—e. g. Thenea 
Wallichti—the walls of the canals in the living state are formed by 
a considerable thickness of gelatinous connective tissue, from which 
the body-spicules are absent, these occurring immediately about the 
exterior of this gelatinous tissue. If such a sponge should, soon 
after death, become covered up by fine calcareous mud, it is quite 
conceivable that the entrance of solid particles of foreign material 
might be prevented for a time by the presence of an investing skin 


* Quenstedt describes similar threads in the superficial canals, now exposed 
as shallow grooves, in S. radiata (v. Petrefact. Deutschlands, part i. Bd. v. p. 251, 
pl. exxvi. fig. 60 z). 
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and other soft tissues; on the other hand, this would not prevent 
the entrance of mineral solutions, which, penetrating the interior, 
might deposit in the vacant canals calcite or silica, as the case might 
be. Subsequently the organic matter would be dissipated by decom- 
position, and the fine calcareous mud, no longer excluded, would be 
able to insinuate itself into every space left vacant by the disap- 
pearance of organic matter, and so to fill up the cavity which would 
intervene between the thread of calcite or other mineral which had 
been deposited in a canal and the walls of the surrounding skeleton. 
Thus the problematical threads of our fossil sponges may be re- 
garded as representing the original cavities of the canals; while the 
consolidated mud or empty space, as the case may be, has taken the 
place of once existing gelatinous connective tissue. How far this, 
which is the only explanation I can suggest, is the true one, itis 
hard to say. One difficulty on the face of it is the rapidity which 
it seems to require in the rate of deposition of the minerals now 
forming the axial threads; but till we know more about the dura- 
bility of certain organic tissues, and the rapidity with which mineral 
deposition takes place in shallow warm seas, this objection cannot 
be regarded as a fatal one. 

The last constituent of the matrix of this sponge which remains 
to be mentioned is hematite, which occurs dispersed through certain 
patches of calcite in minute blood-red giobules like those described 
in my paper on the Silurian District of Rhymney (Q. J. G. 8. vol. 
XxXxv. p. 904). 


MastopicryuM, gen. nov. 


A branching, leaf-like expansion, bearing on the upper surface 
numerous mamillary processes, or teat-like individuals, resembling 
diminutive Hmploce. ach is perforated axially by a cylindrical 
canal, extending nearly to the base, and opening above in an apical 
oscule with a sharply defined circular margin. Incurrent ostia are 
dispersed at about equal distances over the exterior, and the in- 
current and smaller excurrent canals run through the walls at right 
angles to the surface, alternating with each other. Skeleton 
Kuretid; dermal skeleton absent. 


M. Wuipzornt, sp.nov. (Plate XX. figs. 7-9.) 


The single specimen on which this species is founded is a fan-like 
expansion, 3 inches long by 4 inches wide, with mamillke about 
2 inch high rising from it. The walls of the mamille are about 
3 inch thick, the single osculum to each from 3 to ; inch in diameter ; 
the incurrent ostia are from 2, to + inch in diameter. 

Loc. Burton Bradstock. 

Hor. Upper part of A. Parkinsoni-zone. 

Mineral Characters. The description given for the previous species, 
Emploca ovata, as regards the characters of the skeleton and infilling 
material, will apply equally well here, except in respect to a few 
details, such as the presence of silica in Hmploca, which does not 
occur in this sponge. In this, however, and most of the succeeding 
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specimens, some portions of the parent rock are to be found, either 
filling in the central tube and the spaces between the papille or ad- 
herent to the foliaceous base. It consists of a matrix of consoli- 
dated calcareous mud, or calcite, which forms a mosaic of minute, 
ill-defined crystals. Some parts of the matrix are stained a deep 
reddish brown by iron oxide, while in places rhombohedra of a deep 
brown colour externally, and apparently consisting of iron carbo- 
nate, are strewn through it. Everywhere also remains of calcareous 
organisms abound in it: Foraminifera, perforate, imperforate, and 
arenaceous; Encrinite and Asterid joints, Urchin-spines, fragments 
of Polyzoa, Catagmid sponge-structure, and molluscan shells, together 
with occasional Entomostraca ; grains of siliceous sand, on the other 
hand, appear to he entirely absent. 


CoscINOPORIDZ. 
LEPTOPHRAGMA FRAGILE, sp. nov. (Plate XX. figs. 10, 11, 11 a.) 


A thin plate, averaging a inch in thickness, bearing on one face 
circular excurrent ostia, =), inch in diameter, arranged, not quin- 
cuncially, but in longitudinal and transverse rows, giving to the 
intervening tissue a square reticulate appearance. On the opposite 
face incurrent ostia, similarly arranged, but alternating with the ex- 
current ostia, and concealed by an irregular overgrowth of skeletal 
network. Incurrent and excurrent canals proceed from their re- 
spective ostia at right angles across the sponge-wall, and terminate 
Jae Skeleton Kuretid ; distance between the imperforate nodes 
say —-tee Inch: a good illustration is given by Zittel (Neues Jahr- 
buch fur Mineralogie &., 1877, Taf. ii. He. 1). The specimens from 
which this description iS taken are ee fragments of some 
much larger sponge, which probably had a more or less vasiform 
shape. They agree in all recognizable characters with Textispongia 
foliata, as described by Quenstedt (Petrefact. p. 64, tab. 117. fig. 7), 
from the White Jura ((), over the Fucoid Bank, under Muhlheim, 
on the Danube, and possibly belong to that species. I have hesi- 
tated, however, to adopt Quenstedt’s name, because as yet I have 
only seen figures and no specimens of his sponge, and more parti- 
cularly because these figures do not include a magnified represen- 
tation of the skeletal network, without which certainty is impossible. 

Loc. Burton Bradstock. 

Hor. Upper part of the A. Parkinsoni-zone 


M HANDROSPONGIDA. 


PLECTOSPYRIS, gen. nov. 


Labyrinthic sponge, formed by winding dichotomizing anasto- 
mosing tubes. Skeleton Euretid. 

Plectospyris closely resembles Plocoscyphia, differing from it in 
having the skeletal nodes imperforate, not Myliusian. 


PLECTOSPYRIS ELEGANS. (Plate XX. figs. 12-14.) 
Anastomosing tubes small, 7-3 inch in diameter, wall jy inch 
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thick, internal cavity 3 inch diameter. Incurrent ostia circular, 
dispersed at about equal distances over the exterior, 2-7. inch in 
diameter; the excurrent ostia lie in longitudinal grooves, separated 
by intervening ridges, on the internal surface of the sponge-tube. 


PLECTOSPYRIs MAJOR. (Plate XX. figs. 15 & 16.) 


Tubes larger than in the preceding species, 4 inch wide, wall 
% inch thick, central cavity from 3 2 to inch in diameter. 

Loc. Burton Bradstock. 

Hor. Upper part of the A. Parkinsoni-zone. 


The preceding five sponges (Zimploca ovata, Mastodictyum Whid- 
born, Leptophragma fragile, Plectospyris elegans and P. major) do not 
differ in any noticeable respect so far as the character of the skeletal 
network is concerned, and the distinctions between them depend 
wholly on the various habits of growth and differences in the canal- 
system. It would be a quite natural arrangement to place them all 
together among the Euretide; but, on the whole, it seems to me 
better at present to refer them to different groups, according to the 
classification of Zittel. 


VENTRICULITIDA. 
CaLATHIscUs, gen. Nov. 


A hollow horn-shaped sponge, with a somewhat wide central 
cavity extending nearly the whole length. Incurrent ostia on the 
outer surface more or léss circular, thickly but irregularly dispersed ; 
excurrent ostia on the inner surface irregular in shape and distri- 
bution, markedly larger than the incurrent ostia. Incurrent and 
excurrent canals forming tortuous branching cavities, interdigitating | 
with each other in the thickness of the walls, reminding one of the 
canal-system in Dactylocalyx. Skeleton a very irregular network, 
some of the nodes perforate, others imperforate, seldom if ever 
regularly octahedral. 


CALATHISCUS VARIOLATUS, sp. nov. (Plate XXI. figs. 17-20.) 


The most complete specimen is an irregular vasiform sponge, bent 
from side to side alternately, and irregularly constricted and swollen 
at intervals, the swellings or transverse ridgings apparently marking 
stages of arrested longitudinal growth. It measures 7 inches in 
length, and 1°5 inch in breadth at the distal end. The walls are 
+ inch thick, the incurrent ostia from =, to =, inch in diameter, 
and the excurrent ostia from = to + inch in diameter. The prox- 
imal end is not quite complete, and there is no evidence to show 
whether the sponge was rooted or otherwise attached. 

Loc. Burton Bradstock. 

Hor. Upper part of the A. Parkinsoni-zone. 

Obs. The skeletal nodes are not regularly octahedral, as in the 
Ventriculitide generally; but the general characters of the sponge 


ally it more closely with that family than with any other. 
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LITHISTID A. 
RHIZOMORINA. 


PLATYCHONIA ELEGANS, sp. nov. (Plate XXI. figs. 22-25.) 

Sponge a thin, irregularly undulating plate, with an irregularly 
curved margin, growing out into lobes which sometimes overlap. 
Upper surface irregularly ridged and dimpled, ridges occasionally 
growing up into angular lobes, smooth; lower surface rough, but 
less dimpled. Thickness of plate + inch, becoming less towards 
the rounded margin; in the specimen from which the description is 
taken the length and breadth of the plate are 5 inches and 4 inches 
respectively. Canal-system absent. Skeleton apparently consist- 
ing chiefly of Rhizomorine elements, often arranged in groups form- 
ing fibres; but Tetracladine forms are frequently present. 

Loc. Burton Bradstock. 

Hor. Upper part of the A: Parkinsoni-zone. 

Obs. The skeletal elements are not very well preserved, so that 
they do not as a rule appear sharply defined from the surrounding 
matrix, and thus their tubercular and Rhizomorine character may be 
more apparent than real, the result merely of subsequent changes. 
Where they occur exceptionally well defined, they almost always 
present a quadriradiate outline (triradiate in section), with smooth, 
almost cylindrical rays, terminating, either immediately or after 
once bifurcating, in an irregular mass of calcite, which represents 
the interlocked ends of a number of conjoined elements. From 
this one is tempted to infer that the sponge rightly belongs to the 
Tetracladina; but since the distinction between this family and 
the Rhizomorina rests rather on the presence of Rhizomorine than 
the absence of Tetracladine elements, I have, though with some 
doubt, referred it to the latter; and I have been the more readily 
led to this assignment because Prof. Zittel has similarly referred to 
the Rhizomorina sponges so precisely similar in all their characters 
to that under consideration, that, without quite positive evidence to 
the contrary, | would not venture on a different determination, 
which would, moreover, involve the institution of a new genus. 


INCERTA@ SEDIS. 


The following sponges belong to Zittel’s Pharetrones. Their 
fibres, so far as they exhibit structure, al! present us with tri- and 
quadriradiate spicules, many of large size, their rays being 0°01 inch 
long and 0-001 in diameter; besides these, smaller spicules of unde- 
termined character are present. I have devoted much time and 
attention to the study of these sponges without arriving at any 
positive conclusion regarding their true affinities. They may be 
allies of T’ricentrium, or Tetractinellide, forming a passage between 
the Choristide and Lithistide; or, on the other hand, they may 
very possibly be, as Prof. Zittel maintains, genuine Calcispongie. 
Further research alone can decide. No further light is thrown on 
the matter by their mineral state: like the undoubted Lithistid and 
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Hexactinellid sponges which occur with them, their skeleton now 
consists of crystalline carbonate of lime. 


PERONELLA METABRONNII, sp. nov. (Plate XXI. figs. 26 & 27.) 

Sponge of variable form, elongate cylindrical, conical, or opconic ; 
simple, or bearing a second individual budded off laterally. Central 
or gastric cavity extending a variable distance towards the base, 
sometimes nearly the whole, sometimes only half way. Thickness 
of walls variable, often equal to about half the diameter of the 
central cavity. A measurement taken midway between base and 
summit gave in one instance 0:1 inch as the thickness of the wall, 
and 0°2 inch as the diameter of the cavity. In some the wall 
diminishes in thickness upwards towards the oscule, which is in the 
centre of the summit; in others, on the contrary, it increases in 
this direction: in the latter case a measurement gave +4, inch as 
the diameter of the oscule and the same as the thickness of the 
wall; in the former 0°24 inch for the diameter of the oscule and 
0:03 inch for the thickness of wall. The sponge is attached at the 
base, which sometimes grows out into a thick foot. 

Skeleton an irregular Lithistid-hke network, composed of fibres from 
0-005 to 0:01 inch diameter, consisting of large quadriradiate and 
triradiate spicules, with rays from 0-005 to 0:01 inch long and 0:0005 
to 0-001 inch in diameter. On the gastral face of the sponge-wall 
and in its plane the fibres become flatter and thicker, and the 
meshes are reduced to oval foramina; on the exterior no change is 
apparent, and an epitheca has not yet been observed. Besides the 
central cavity, and a tendency to the formation of lacunar spaces in 
the skeleton, at right angles to the sponge-wall, no canal-system is 
present. } 

The specimens from which the above characters are taken are 
very similar in macroscopic character to Spongites Bronnw of the 
White Jura, as figured by Quenstedt (Petrefact. Taf. cxxiy. figs. 1-15), 
but present certain (possibly accidental) differences, such as the 
absence of an epitheca and of longitudinal ridges on the gastral 
surface, which render it desirable to distinguish them by a different 
specific name. Our fig. 26 is similar to Quenstedt’s fig. 1, plate exxiv., 
representing his S. Brownia gemellus. Our other specimens may be 
mostly matched by one or other of the seven figures (figs. 6-9 and 
13-15) by which Quenstedt illustrates the species S. Bronnav. 

Loc. Burton Bradstock. 

Hor. A. Parkinsoni-zone. 


PERONELLA REPENS, Sp. nov. (Plate XXI. fig. 51.) 


Sponge consisting of slender pipe-like individuals, which proceed 
as branches from a thicker procumbent stem, and subsequently - 
remain free or unite laterally by anastomosis, terminating by 
rounded ends, in the centre of each of which is a circular oscule. 
The oscule is the open mouth of a cylindrical axial cavity, which 
extends continuously throughout the sponge. The diameter of the 
branches is 0°13 inch, of the central cavity 0:043 inch. Skeleton 


= 
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an irregular network of fibres, from 0:005 to 0°01 inch in diameter ; 
the fibres become flattened and thickened in the plane of the gastral 
- surface, and thus give a sharp definition to the central cavity; a 
thin epitheca covers the sponge externally. No other signs of a 
canal-system besides the central cavity are present. 

Loc. Hampton Down. 

Hor. Great Oolite. 


LunorzA PYemMmA, sp. nov. (Plate XXI. figs. 29 & 30.) 

Sponge consisting of small teat-like individuals, 0-18 to 0°23 inch 
in diameter at the base, 0°25 inch high, growing from a common 
base, which is overgrown below by a thick concentrically wrinkled 
epitheca; attached by a very short thick peduncle. At the summit 
of each mamillary individual is a small circular oscule, 0:08 inch 
in diameter, from which a cylindrical tube descends vertically for a 
considerable distance; no radiate canals are visible on the exterior. 
Skeleton an irregular network of small fibres, 0:0025 to 0-005 inch 
in diameter, and thus much finer than those of the preceding species ; 
the meshes of the network are also correspondingly smaller. 

As some of the characters of this species remain undetermined, 
its generic position must be regarded as provisional. 

Loc. Hampton Down. 

Hor. Great Oolite. 


THAMNONEMA, gen. Noy. 


Sponge globular, without a central cavity. Skeleton a net- 
work of fibres, having, as seen from the exterior, the following 
disposition :—from a common origin in the centre of the base 
three fibres radiate in three directions, making equal angles with 
each other; each soon bifurcates, and the fibres resulting break 
up at their distal ends into an irregular network of smaller fibres, 
which extends meridionally up to the summit, uniting with the 
adjoining fibres along its whole length. The fibre over the base 
curiously simulates the form of one of the bifurcate ternate spicules 
of the Tetractinellide. The summit is occupied by a looser network 
(2.c. with larger meshes) than the sides. ‘The sides are ridged and 
furrowed meridionally, the furrows looking like exposed radiate 
canals; the open meshes of the summit have the appearance of a 
number of small oscules. 

The distinction of this genus depends on the curious arrangement 
of the fibre at the base, and its subsequent division to form a reti- 
culate fibre, characters which, so far as I am aware, are unique 
among the Spongie. 

THAMNONEMA PISIFORME, sp. nov. (Plate XXI. fig. ne 

Sponge globular, flattened at the summit, free, | inch high and 

1 inch broad. Primary fibre of the base 0°014 inch in diameter, 
eoniaae fibre 0:007 to 0-01 inch; fibres of lateral network 0-003 
to 0:007 inch in diameter. 

Loc. Hampton Down. 

Hor. Great Oolite. 
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MyrMnciuM DEPRESSUM, sp. Nov. 

Spongites liassicus, Quenst. (?). 

Sponge small, disciform, with rounded edges, 0°25 inch broad, 
0-1 inch thick. Upper surface porous, radiately grooved. Canal- 
system: central oscule absent, apparently represented by a number 
of small circular holes or oscules around the centre of the summit; 
excurrent canals represented by the radiate grooves of the upper 
surface, and by tubes which descend from the oscules obliquely into 
the interior; incurrent tubes descending obliquely downwards from 
circular openings which lie on the ridges between the radiate 
grooves. Base covered by a thin epitheca, ending in a sharp peri- 
pheral edge against the main skeleton. Skeleton an irregular net- 
work of fibres, from about 0-002 to 0-004 inch in diameter. 

Loc. Hampton Down. 

Hor. Great Oolite. 

This sponge is almost precisely similar, so far as one can judge 
from macroscopic characters, to Spongites liasicus, Quenst. (Petrefact. 
pl. cxxxi. fig. 48, p. 343), which, as Quenstedt points out, very 
nearly approaches S. semicinctus semiglobus, Quenst. It differs from 
S. rotula, the type of Zittel’s genus Myrmecium, chiefly in the 
absence of a single central oscule and excurrent cavity; but as 
lipogastrism is not necessarily a character of generic importance, I 
have not thought this difference sufficient. to necessitate generic 
distinction. 


MyYrRMECIUM BIRETIFORME, Quenst. Petrefact. 

A small specimen of this sponge occurs in the collection: it is 
0-36 inch broad and 0-23 high. It appears to be almost a replica, 
as it were, of Quenstedt’s fig. 6, pl. cxxvi., representing his S. rotula 
biretiformis. 

GENERAL OBSERVATIONS. 


Mineral Characters.—All the specimens described are preserved 
in precisely the same manner. The replacement of the siliceous 
skeletons by carbonate of lime is most thorough and complete, so 
that, as a rule, all fine structure is obliterated and only general form 
remains., Thus indications of a canal in the fibres of the Hexacti- 
nellidee are of rare occurrence, and it is needless to add that none 
of the minute spicules are preserved. The replacing calcite is clear, 
transparent, and perfectly crystalline, as though it had been depo- 
sited as an infilling of hollow casts; not milky, and markedly 
different from the crystalline deposit of calcite in the matrix, as is 
the case with Stauronema, where the carbonate of lime seems to 
have been gradually substituted for the silica of the original fibre. 

Considering that the silica displaced from sponge skeletons often 
reappears as a pseudomorph of associated calcareous structures, it 
is curious that, if originally calcareous, the associated Pharetrones 
should none of them show signs of siliceous replacement *. 


* At the time I wrote my paper on Catagma, the weight of evidence appeared 


et 


FROM THE INFERIOR OOLITE. 551 


Correlation with Continental Species.—In the following table the 
Inferior-Oolite species here described are correlated with those of 
Quenstedt from the Jurassic strata of various continental localities :— 


Correlation of Sponges here described with those of Continental 


Deposits. 

Inrerior Ooxite, ENGLAND. JURASSIC, CONTINENTAL. 
Emploca ovata ............... Siphonia ovata, White Jura 0, Heuberge. 
Mastodictyum Whidborni. 

Leptophragma fragile...... Textispongia foliata, White Jura 6, Muhlheim, 
Plectospyris elegans. 

P. major. 

Calathiscus variolatus. 

Platychonia elegans ......... Spongites vagans, White Jura 0. 

Peronella Metabronnii...... Scyphia Bronnii, White Jura e. 

Myrmecium biretiforme ... 8. biretiformis, White Jura 0. 


From this it appears that of the nine species described from 
our Inferior Oolite, no less than five are closely allied to, if not, 
indeed, identical with, species occurring on other higher horizons 
on the continent. | 

Depth at which the Sponges lwed.—The Inferior Oolite is a shelly 
limestone, generally admitted to have been formed under shallow- 
water conditions. The character of its molluscan remains and 
corals, and the presence of oolitic grains, are all in favour of the 
generally received belief. 

The sponges we have described—Hexactinellids, Lithistids, and 
Pharetrones—all occur associated together in the same deposits, 
and were all alike inhabitants of shallow water. 

From this it follows that the accepted belief in the deep-water 
character of the ancient Hexactinellids, founded on our incomplete 
knowledge of their existing bathymetrical distribution, is erroneous ; 
and next, either that the recent sponges of this group will be found 
to extend into much shallower water than has hitherto been known 
to be the case, or that the family has in course of time largely 
changed its habits. The former alternative appears to be the right 


to be in favour of these and similar sponges having had originally a siliceous 
composition, though at the same time I felt and expressed serious doubts on 
the point. The more exact information lately afforded us by Dr. Hinde (Ann. 
& Mag. Nat. Hist. ser. 5, vol. x. p. 185) on the structure of their fibre, together 
with Mr. Carter’s announcement of the discovery of a living calcareous sponge 
displaying a similar structure to that described by Hinde (Ann. & Mag. Nat, 
Hist. Jan. 1883), leads me to suspect that full proof of the affinities of these 
fossil forms with the Calcispongiz will not be long delayed. 

With regard to Pharetrospongia, however, no fresh argument of any weight 
has been alleged against its having had originally a siliceous composition. Most 
of Dr. Hinde’s arguments on this head have been fully answered on the zoolo- 
logical side by Mr. Carter; and with regard to the mineralogical question 
raised by Dr. Hinde, I may point out that it overlooks the very heterogeneous 
origin of the Cambridge fossils, and that Pharetrospongia has evidently been 
exposed to very different mineral conditions from the Ventriculites of the deposit ; 
in a word, the Cambridge Greensand is the riddlings of several deposits, and 
that from which Pharetrospongia was derived was of a very different character 
from that which furnished the Ventriculites. 


Q.J.G.8. No. 156. 2r 
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one; for Oscar Schmidt, in his last published work on the Mexican 
sponges, describes several species of Lithistids and Dictyonine 
Hexactinellids from a depth of 100 fathoms*; one of the latter, 
indeed (Cystispongia superstes), dredged off Yucatan, comes from 
the comparatively shallow water of 18 fathoms. Moreover, after a 
preliminary examination of the ‘ Challenger’ Tetractinellide, I find 
one species of Lithistid which was obtained from a depth of 
18-20 fathoms. If, then, Lithistids and Hexactinellids, at the 
present day, extend into water only 18 fathoms in depth, it is no 
longer possible to regard their fossil representatives as indicative of 
deep-sea conditions. 

All that we know of the Inferior-Oolite rocks of England points 
to their having been deposited in shallow water in proximity to a 
shore-line ; and the particular beds in which the just-described 
Hexactinellids and Lithistids occur bear every stamp of a shallow- 
water origin: they are impure limestones and shelly breccias, some- 
times false-bedded and sometimes oolitic in structure. The mol- 
luscan fauna also appears not to be that of a deep sea; and the 
genus Litorina points even to shore-conditions. 

That which chiefly conditions the existence of Lithistid and 
Hexactinellid sponges appears to be uniformity of temperature. 
This, as all available evidence unites in showing, was an enduring 
characteristic of our area during Oolitic times. 

Through the persistent summer of this period Hexactinellids and 
Lithistids flourished, along with reef-building corals, in shallow 
seas, secured from severe seasonal changes of temperature, just as, 
at the present day, they inhabit the shallow water which washes 
the shores of coral reefs in the uniform climate of the tropics. 


EXPLANATION OF PLATES XX. & XXI. 
PLATE XX. 


Figs. 1-6. Hmploca ovata (gen. et sp. nov.). 


Figs. 1 & 2. The sponge: natural size. 

3&4. Longitudinal and transverse sections across the canals, showing 
the axial thread of calcite (c), the granular matrix (gm), and the 
surrounding skeleton (s): (X 22°5). 

Fig. 5. Portion of the skeletal network seen in section: (Xx 45). 

6. External surface of the sponge, showing the projecting ends of the 

external rays of the skeleton: (Xx 45). 


Figs. 7-9. Mastodictyum Whidborni (gen. et sp. nov.). 


7. A part of the sponge: natural size. 
Figs. 8 & 9. The skeletal network shown in section : (X 45). 


* On tabulating O. Schmidt’s recorded occurrences of the Dictyonine Hexac- 
tinellids, I find 22 cases of species dredged from between 100 and 200 fathoms, 
12 from 200 to 300, 4 from 800 to 400, 2 from 400 to 500, 1 from 500 to 600, 
2 from 600 to 700, 2 from 700 to 800, 4 from 800 to 900, 1 from 900 to 1000, 
and 4 from 1000 to 2500 fathoms. ‘Thus these sponges are more frequent 
between 100 and 300 fathoms than in greater depths, and it may be added 
that they appear to be most abundant between depths of 100 and 150 fathoms. 
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Figs. 10, 11. Leptophragma fragile. 


Fig. 10. Part of the outer surface of the sponge: natural size. 
11. Transverse section showing skeletal network: (X 49). 
lla., Tangential section : (x 45). 


Figs. 12-14. Plectospyris elegans (gen. et spec. nov.). 


Fig. 12. The sponge: natural size. 
13. A single node of the skeleton, showing the absence of an octahedral 
lantern. 
14. Part of the skeleton seen in section: (X45). 


Figs. 15, 16. Plectospyris major (sp. nov.). 


Figs. 15, 16. Fragments of the skeleton seen in longitudinal and transverse 
sections: (x 45). 
Puate XXI. 


Figs. 17-21. Calathiscus variolatus (gen. et sp. nov.). 


Fig. 17. The sponge: nat. size. 


18. The upper end of the sponge, showing the larger ostia of the interior 
(0.2) and the smaller external ostia (0.¢): nat. size. 

19. Portion of the skeleton near the outer surface, showing traces of spicules 
in the fibre; seen in section: (X 5d). 

20. Fragments of skeleton, seen in section, showing complication of the 
nodes. 

21. Outlines of rhombohedral crystals imbedded in the matrix: (x 55). 

Figs. 22-25. Platychonia elegans (sp. nov.). 


22. Sponge: reduced 4. 
Figs. 23 & 24. Portions of the skeleton, in section, with a Tetracladine facies: 
% 70), 
Fig. 25. A skeletal element with a Rhizomorine appearance: (X 70). 
Figs. 26, 27. Peronella Metabronnii (sp. nov.). 
Figs. 26, 27. Sponge: natural size. 
Fig. 28. Thamnonema pisiforme (gen. et sp. nov.). 
Fig. 28. Thamnonema pisiforme, showing fibres of the base ; ¢. centre of origin ; 
a. primary, and 0. secondary fibres: (x 15). 
Figs. 29 & 30. Limnorea pygmea (sp. nov.). 
Fig. 29. Sponge: nat. size4, , 
30. Base showing concentrically-wrinkled epitheca. 
Fig. 31. Peronella repens (sp. nov.). 
31. Sponge: nat. size. 

Discussion *, 

The Rey. H. H. Wiywoop said that Mr. Whidborne had not men- 
tioned and seeméd to be unacquainted with the collection of Bra- 
chiopoda in the Museum at Bath. With regard to the new Bra- 
chiopod from Dundry, he supposed that the author was aware of 
Mr. Moore’s labours in this field, and that he had written a paper 
on Jiassic and Oolitic Holothuride. 

Dr. Woopwarp said it was fortunate Mr. Whidborne had devoted 
himself to this subject, and as he had considerable experience, be 
thought good results were likely to follow. The small spicula of a 
Holothurid described were probably the wheels of Chirodota. He 
would doubtless find a rich field of research in the Bath Museum. 


* Including the Discussion on the preceding paper. 
2R 2 
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Dr. Hinvz expressed his regret that Prof. Sollas was not present to 
read his own paper, and especially that it was accompanied by neither 
diagrams nor specimens. Mr. Whidborne was to be congratulated on 
the discovery of Sponges in a formation where hitherto they had not 
been noticed, and even on the same horizon on the continent they 
were not common. ‘The speaker had not found a single siliceous 
Sponge from the Jurassic strata of this country in the Jermyn-Street 
or British-Museum collections, though on the continent siliceous 
Sponges were common, especially inthe White Jura. The replace- 
ment of the siliceous skeleton by calcite was a fact well known to 


students. A specimen placed in acid would be in part wholly dis- - 


solved, while another part would stand out quite clear and perfect. 
The change certainly had taken place; but the chemistry of it was 
not yet fully understood. However, there was no doubt that the 
“organic” silica in sponges was in a very unstable condition. In 
the Upper Chalk of this country, for instance, only the casts remained. 
As regards the Pharetrones, which Prof. Sollas regards as incerte 
sedis, they were regarded by Zittel as allied to calcareous Sponges 
now existing in shallow seas. This view had been combated by 
Mr. H. J. Carter and Prof. Sollas. Dr. Steinmann had also con- 
sidered them not to be calcareous Sponges but allied to Hydrozoa. 
He (Dr. Hinde) had examined Pharetrones in the British Museum, 
and discovered 1p some of them spicules so exactly like those of 
existing Calcispongie, in their form and position, that their alliance 
with living forms could hardly be disputed. The accuracy of this 
had now been admitted by Mr. Carter; and Dr. Steinmann had with- 
drawn his former views respecting them. He did not consider that 
the occurrence of Hexactinellids with these sponges would vitiate 
the general evidence for the deep-water habitat of Hexactinellid 
sponges. 

Prof. Huexns said that further information was wanted as to the 
circumstances under which this replacement of silica by calcite took 
place. He asked whether it might have occurred at such a depth 
as would keep the water, while it was saturated with carbonate of 
lime and was under great pressure, also at a sufficiently high tem- 
perature to carry away the silica in solution. In support of this 
suggestion he pointed out that where flint is common in the Upper 
Chalk, there is generally evidence that it was formed after the chalk 
had been raised and exposed to surface-action such as allows of 
shrinkage and opening of joints. This is especially shown by the 
tabular flint along joints oblique to the bedding. 

Dr. Woopwarp called attention to some specimens in the British 
Museum which would be interesting to Professor Hughes, and 
made some observations on the formation of flint. 

The Rev. G. F. Wuippornz said that he was acquainted with the 
labours of Mr. Moore mentioned by Mr. Winwood. ~* Prof. Sollas had 
intended to be present, and would have brought specimens, but was 
prevented at the last moment from coming. 


R. F. TOMES ON MADREPORARIA. nae 


30. On some new or imperfectly known Mapreporaria from the 
Corat Rae und Portianp Ooze of the Counties of Wix1ts, 
Oxrorp, Camsripen, and York. By Rozerr F. Tomes, Esq., 
F.G.S. (Read June 20, 1883.) 


[Puate XXIT.] 


Intropuction.—I much regret that in the preparation of the present 
paper I have not, as on the occasion of my former contribution 
towards the history of the Madreporaria of the Jurassic formation, 
had the advantage of repeated personal investigations of the strata 
from which the specimens were obtained. This expression of 
regret, however, may perhaps seem unnecessary after the appear- 
ance of the very ample and able paper on the Corallian rocks of 
England by Messrs. Blake and Hudleston * ; but I would observe 
that as their conclusions were drawn rather from the study of the 
Mollusca and Echinodermata than from that of the Corals, we are yet 
in ignorance respecting the exact stratigraphical position of the latter. 
Consequently it is not by any means certain that the conclusions 
arrived at by these geologists might not have undergone some 
modification if the Corals had received more careful examination. 
Possibly more than one Coralliferous period might have been 
observed in the Corallian beds, just as more than one has been 
pointed outin the Inferior Oolite ; and as some Madreporarian forms 
are peculiar to the Coral Rag, it would be interesting to know more 
fully than we at present do their range in time. 

It has always been a matter of some surprise that while the Coral 
Rag of this country fulfils so completely the conditions of a Coral- 
liferous deposit, and is in so many places crowded with Corals, the 
number of species should be so small. MM. Milne-Edwards and 
Haime yf give ten genera and fourteen species, and this meagre list 
has not since been added to, nor has our knowledge of the species 
been augmented. Although Prof. Duncan has increased the number 
of Great-Oolite Corals, he has made no addition to our knowledge of 
those from the overlying Coral Rag ; and the very restricted number 
of species at present known becomes the more remarkable when 
comparison is made with the numbers which have been described 
from beds of a corresponding period in France and Germany. It is 
only necessary to turn to the works of MM. de Fromentel, Becker and 
Milaschewitch, and Quenstedt, to see how comparatively poor in 
species is our Coral Rag. 

Possessed of but little additional information, I must content 
myself with giving a section of the Coral Rag of one locality, and 
determining the position of the Madreporaria therein, with alluding 
to certain other localities, and noting the species therefrom, and 


* Quart. Journ. Geol. Soc. vol. xxxiii. pt. i. p. 260 (1877). 
t Brit. Foss. Cor. pt. ii. 
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calling attention to some hitherto unrecorded genera and species. 
One or two of the Coral-Rag species, fully recognized, but not, as I 
think, well understood, will also be mentioned; and finally some 
remarks will be offered on the well-known Jsastrwa oblonga of the 
Portland Oolite. 

A large proportion of the Corals from the Inferior Oolite, and a 
still greater number of those from the Great Oolite, admit of no 
internal examination, being little better than crystalline casts. 
The latter, however, often have their external details beautifully 
retained ; while those from the Coral Rag, on the contrary, very 
rarely exhibit satisfactory external characters, though their internal 
structure is well preserved and may be successfully studied by 
means of polished sections or weathered fractures. 

The genera now added to the Coral-Rag Madreporaria of England 
are Astrocenia, Dimorpharea, and Latimeandrarea, which are 
already known, and Crateroseris, which I now introduce as a new 
genus. 


Highworth Section. 


ft. in. 

1. Coral Rag, a true Rag, and exposed Rhabdophyllia Phillipsi, Is- 
on the line of dip from Highworth astrea explanata ?, Astrocenia 
along the road to Shrivenham, major, Thamnastrea concinna, 
AMOUR. A etches cet nt. tke tetas 6 0 Latimeandrarea corallina. 

2. Rubbly limestone of a yellowish or Lhecosmilia annularis abun- 
FOLTUPINOUS COLOUEL...,.0.00- 6 n.s-on0 1 6 dant. 


3. Fine laminated yellow sand with 
oolitic grains, mostly in layers, and 


sometimes indurated.................. 5 0 
4, Fine-grained sand, sometimes pass- 
ing into dark clay, used for brick- 
CEN ae aie ok ea 7 A aan Rete 6 0 
5. Coarse oolitic stone in thin layers.... 6 6 
6. Ferruginous sandy stone in irre- Thecosmilia annularis abun- 
gular thin layers ....... Reset eecene 0 8 dant. 
7. Limestone in layers, more or less 
GOUG cNew. fewasets seen ease tatiieery 3 0 
8. Very dense stone, with a sandy frac- 
REPEL hte Rate eck? eck te epee, ee acmeeeee 2 0 
9. Soft white sand, sometimes contain- 
ine calcareous lumps.........c.0.-.-.- 6 0 


The foregoing section is to a certain extent a compiled one, bed 
No. 1, that is the Coral Rag proper, not being visible in direct 
connexion with those below, which are exposed in near proximity 
to the town of Highworth. The Rag is observable at several 
places on the road from Shrivenham to Highworth, more especially 
in an extensive but shallow quarry near the road which leads to 
Warnford Place. In this excavation all the Corals mentioned in 
this paper as occurring in this district have been found; but as 
they were chiefly taken either from the heaps of quarried stone, or 
from the débris left behind, I can only determine their exact 
position by their appearance and colour, and observe that the large 
and massive Thamnastrew and Astrocenice occur in the middle and 
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upper part of the deposit, and that Rhabdophyllia Phillipsi and 
Latimeandrarea corallina are found near to or at the bottom. 
Another but much smaller opening in the Rag exists on the same 
level, but much nearer to Highworth; and in the mottled clay in 
the bottom of this pit I found a prostrate and worn specimen of 
 Thecosmilia annularis, in all respects resembling those found in 
bed No. 2. 

In a brickyard on the same road, and quite near to the town, 
several feet of fine yellow sand passing downward into bluish clay 
may be seen. This is the third bed of the section. 

Passing through Highworth, we come to the brickyard and 
adjacent quarry, which together furnished the section published by 
Messrs. Blake and Hudleston, and which presents all the beds 
below the true Rag which are here alluded to. Bed No. 2 con- 
tains Thecosmilia annularis in great abundance, all the specimens 
being much broken up and worn, and consequently prostrate. No 
other species is associated with them. In the succeeding beds, 
numbered 3, 4, and 5, there are no traces of Corals; but in No. 6 
the same species of Thecosmilia is very abundant, and is in the same 
broken and rubbed state. This bed, as well as those numbered 
7, 8, and 9, are well shown in the adjacent and recently excavated 
road to the Highworth Railway Station, now in course of com- 
pletion. 

Of the exposure of Coral Rag at Headington, which I have 
visited, I regret that I can say but little, excepting to observe that 
it contains nearly the same species of Madreporaria as the Coral 
Rag of Highworth. The following are the species collected by me 
at that well-known locality :—Thecosmilia annularis, Astroconia 
major, Thamnastrea concinna, and the casts of a branching Coral, 
which may probably be referred to Rhabdophyllia Phillipsi. 

It will be seen on referring to the Corals found at Highworth, 
and comparing them with those from Headington, that the species 
are identical, and, so far as [ am able to judge, identical also with 
those from Marcham and Cumnor. But the Coral Rag of Cam- 
bridgeshire appears to present a different assemblage of species, and 
the same may be said of the well-known coralline deposits of 
Steeple Ashton. 


Family ASTRAIDZ. 
Subfamily AsTROCcC@NIN#. 


Genus ASTROC@NIA. 


AsTROCENIA MAJOR, n. 8s. Plate XXII. figs. 5 & 7. 


The corallum is massive, large, and has an expanded or len- 
ticular form, arising from a rather broad attachment, and sloping 
outwards and upwards to a rather thin outer margin, the upper 
surface being a little convex or quite flat. 

It consists of rather numerous superimposed layers, without any 
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appearance of a common wall or epitheca. The calices are large, 
rudely hexagonal, and internally united by their walls, which are 
thin but distinct. The columella is about one fourth of the diameter 
of the calice; it is styliform and prominent. The septa are rather 
thin, straight, and the primaries and secondaries run into the 
columella. Those of the third cycle are two thirds the length of: 
the first and second, and those of the fourth are half the length of 
the third. There is a tendency in the short septa to incline 
towards or run into the longer ones. All have their sides marked 
with vertical ridges, which terminate in their margins, and form 
papille which have their greatest diameter across the septa. In 
almost every instance those of one calice meet and blend with those 
of other calices at the upper margin of the wall, asin Clausastrea. 
The dissepiments are numerous, thin, and affect a somewhat cir- 
cular disposition when seen directly from above. In form they 
are rather like synapticule, from which, however, they are quite 
distinct. 

Increase takes place in this species by gemmation on the walls 
between the calices, just as in Jsastrea. 

The diameter of the calices is about three lines, but sometimes as 
much as four or four and a half lines. 

It occurs, and is not rare, in the Coral Rag at Headington, near 
Oxford, at Lyneham, Wiltshire, at Highworth, and at Marcham, from 
all which places I have obtained specimens. 


Family FPUNGIDAL. 


Genus THamnastrma, Le Sauvage. 


THAMNASTRHA ARACHNOIDES, Edw. and Haime, Pol. Foss. des Terr. 
Paléoz. p. 111, 1851; Brit. Foss. Cor. p. 97, 1851. 


Synastrea arachnoides, Edw. and Haime, Ann. des Sci. Nat. 
3° ser. t. xi. p. 154, 1850. 


Of this well-known species I have lately made an exhaustive 
examination, with a view to determine, if possible, whether it is a 
perforate or imperforate Coral, and I am now fully convinced that 
the septa are strictly imperforate. This will render it necessary 
that it should be removed from such of the Thamnastree as have 
been shown by Milaschewitch to appertain to the Poritide *. 

It is probable that the Middle-Lias species, which I have described 
under the names of Thamnastrea Etheridgu, and T. Walfordi t, 
as well as 7. Crickleyensis and T. Duncani t, from the Inferior 
Oolite, have imperforate lamine. These, with perhaps also Tham- 
nastrea Manseli of Prof. Duncan§ and some others, will most 
likely be found to constitute a distinct genus; for whether we 


* Palzontographica, vol. xxi. 

tT Quart. Journ. Geol. Soc. vol. xxxiv. P. 179, and vol. xxxviii. p. 95. 
{ Ibid. vol. xxxviii. pp. 485 and 436. 

§ Suppl. Brit. Foss. Cor. pt. iii. p. 20. 
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include the perforate Thamnastree in the Poritide or the Fungide, 
we at any rate can scarcely deny that the difference between per- 
forate and imperforate septa is a character of sufficient importance 
to be regarded as generic. 

But there are other peculiarities in the present species which 
may be mentioned. The first is, that the imperforate septa are con- 
nected by true synapticule, and not by “ oblique cross floors,” or 
tabular synapticule ; and another is, the tendency to pass from a 
turbinate to a digitate form, each of the finger-like processes having 
its surrounding wall and terminal. calicular surface. Specimens 
having the divided form exhibit a distant resemblance to the genus 
Epistreptophyllum of Milaschewitch *, which genus is, however, 
characterized by the presence of a single terminal calice, and by the 
existence of both dissepiments and synapticule. 

For the present I refrain from further remarks, excepting to 
repeat my belief in the necessity of separating the imperforate Tham- 
nastrece from those which have their septa pierced, and the pores of 
which have a distinct arrangement in the different species or groups 
of species. 


THAMNASTR#A concinnA, Milne-Edwards and Haime, Brit. Foss. 
Cor. pt. u. p. 100. Plate XXIT. figs. 1-4. 


Astrea concinna, Goldf. Petref. Germ. i. p. 64. 


Very massive specimens of this common species may be met with 
at many places. These often exhibit forms so remarkable as to 
suggest specific or almost generic distinction, and they deserve 
special notice. After the corallum has attained to a considerable 
lateral growth, the upper surface throws up numerous conical pro- 
cesses, which have their corallites directed outwards, just as they 
are in ordinary dendroid Thamnastree. The corallites by their 
outward and upward growth increase the diameter as well as the 
length of the processes, until these, by pressure against each other 
at their bases, become more or less angular or hexagonal, and are 
separated only by narrow clefts or sinuses, which by the con- 
tinued growth of the corallites become ultimately closed inferiorly. 
When the upper surface of such specimens is afterwards worn down 
to a convex, or more or less flattened form, what was the centre of 
the conical processes still retains a certain degree of convexity, 
owing to the position of the central corallites, which being vertical 
are more able to resist the wearing process. A shallow depression 
surrounds this conyexity, while the line of union of the outwardly 
directed corallites proceeding from the several processes, which 
was previously a narrow cleft, now becomes a prominent ridge. 
Such specimens, when cut through vertically, present the appear- 
ance shown in figure 1 of the Plate accompanying this paper. In 
these massive and worn specimens the well-developed and styli- 
form columella becomes very conspicuous (fig. 4), and it is very 


* Palzontographica, vol. xxi. p. 210. 
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difficult to recognize such specimens as generically identical with 
those which have no columella. 


CRATEROSERIS, Ni. &. 


The corallum is composite, massive, and has a depressed turbinate 
form, and the calicular surface is superior and convex. 

There is a common wall, which is naked and costulated. The 
calices are evenly distributed, round and prominent, but depressed 
in the middle, and they have a small well-defined fossula. The 
intercalicular spaces are depressed. . 

The septa are imperforate, their margins are moniliform, and 
they are continuous with the septal coste, which pass from one 
calice to another without interruption. 

Both septa and septal coste are connected by well-developed 
synapticule. 

The method of increase is by gemmation, which takes place in 
the depressed intervals between the calices at the outer margin of 
the corallum. 

There is very little difference in the form of the calices of this 
genus and those of Confusastrwa, to which genus it might be 
referred, were it not for the wide difference in its internal structure. 


CRATEROSERIS FUNGIFORMIS, n.s. Plate XXII. figs. 11-14. 


The corallum is flatly turbinate, slightly peduncular, and attached: 
by asmall surface. The mural costz are uniform in size, small, and 
may be traced without interruption from the peduncular region to 
the calicular margin, over which they pass, and are continuous 
with the septa of the outer calices. They are rather delicately but — 
obscurely papillated. There is no epitheca. 

The calicular surface is more or less convex, and the calices are 
evenly distributed. They are round, well defined, and prominent, 
with their middle part depressed and open, and there is a small, 
round, and well-defined fossula. The intercalicular spaces are 
depressed. 

The septa and the septal coste are regular, uniform in size 
throughout, rather thick, very closely placed, and many of them 
anastomose. All their margins are ornamented with thickly placed 
tubercles, which are a little flattened, and have their greatest 
diameter across the septa. There are from thirty-five to forty- 
three septa, of which from seventeen to twenty reach the fossula ; all 
the others are irregular in length, and many of them run into the 
larger ones. The cycles are not traceable. 

The synapticule are well developed and abundant, but they are 
rather small. 

Diameter of the calices from two to three lines; distance from centre 
to centre of the calices from three to five lines. Height of the coral- 
lum two inches, and its greatest diameter three inches and six lines. 

Two examples of this coral have come under my observation, 
both of which were obtained from Steeple Ashton. One of these is 
in Dr. Wright’s collection, and the other is in my own. : 
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ZOANTHARIA PERFORATA. 
Family PORITIDAZ. 
Subfamily PoRITIN. 
Genus DiworpHarwA, De From. 


DimorPHARZA, Sp. 


I have received several hollow casts of a species of Dimorpharca, 
from the Coral Rag of Upware, Cambridgeshire, which furnish very 
good impressions of the calicular surface, and in one of them are 
some portions of the corallum itself. These show the synapticule 
and the perforations of the septa distinctly, and enable me to deter- 
mine the genus satisfactorily ; but without more perfect specimens 
I prefer to defer a description of the species for the present. Better 
preserved examples are desirable for this purpose; but I may 
observe that it differs from all the Dimorpharwe I have seen in 
having a much greater number of calices. The inner circle, which 
surrounds the central calice, is only about two lines distant from 
it, and all the other circles are only that distance from each other. 
In the circles the calices are very closely placed. 

From the number of fragments I have seen 1 should suppose that 
it is common at Upware. 


Genus LaATIM#ANDRAR@A, De From. 


This genus was created by M. de Fromentel in 1856 for some 
corals from the Corallian of France, for which the name of Mean- 
drarea was proposed three years afterwards by M. Etallon*. The 
former name has the priority; but I am not aware that it was 
made known until the publication of M.de Fromentel’s valuable 
little work on fossil corals in 1858-617. The genus is charac- 
terized by not having a visible wall, by the presence of synapticule, 
which structurally resemble those of Disarea and Microsolena, by 
calices which are shallow but distinct, and separated by somewhat 
elevated but obtuse ridges, confluent septa, a rudimentary colu- 
mella, and a thin but well-developed epitheca. 

By the kindness of M. de Fromentel I have now before me some 
specimens of Latimeandrarca corallina, from the Corallien Inférieur 
of Champlitte, and with their assistance i have been enabled to 
determine the generic position of the two species I am about to 
describe. I must add that in one of these there is very distinct 
marginal gemmation, and a leaf-like growth, just as in the Astree- 
aceean genus Phyllogyra, to which, excepting for the presence of 
synapticule and distinctly perforate septa, it might be referred. 

At page 440 of my communication on the Corals of the Inferior 
Oolite of Gloucestershiret, I have observed of some species of the 

* Etud. Paléont. Haut. Jura, p. 128 (1859). 


+t Etud. Polyp. Foss. p. 247 (1858-61). 
t Quart. Journ. Geol. Soc. vol. xxxviii. (1882). 
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genus Oroseris that gemmation takes place in the outer prolonga- 
tions of the septal coste. This is exactly what also takes place in 
the genus Latimeandrarea, to which genus such species as Oroseris 
concentrica are very Closely affined, if, indeed, they should not be 
placed in it. 


LATIMHANDRARZA CORALLINA, EK. de From. ‘ Introd. Etud. Polyp. 
Foss.’ p. 247. 


A single specimen was found by my friend Mr. T. J. Slatter, 
F.G.8., amongst the débris of the large quarry between Shrivenham 
and Highworth *. It differs from specimens received from M. de 
Fromentel in being more massive in its form, in having the septa 
and septal costs thinner, their perforations larger, and the synap- 
ticule more developed. 

Its greatest diameter is three inches six lines, and it has a height 
of one inch six lines. 


LATIMHANDRARHA DECORATA, Bean, sp. Plate XXII. figs. 7-10 & 15. 
Meandrina decorata, Bean, MS. 


The corallum is fungiform, and has a thin lobular and somewhat 
overhanging margin. It is supported on a short peduncle, which 
has the form of an inverted cone. All the under surface, including 
the peduncle, has thin, straight, and simple mural -costz, which are 
. not very distinct. 

The whole of the upper or calicular surface is formed by the out- 
ward growth of leaf-like expansions, originating in a central elon- 
gated leaf, and forming calicular furrows, which are short, broad, 
and open. ‘There are six of them, besides the central or parent leaf; 
and they have a somewhat radiate arrangement, and, running quite 
to the outer margin of the corallum, give to it an undulating out- 
line. The greatest number of calices in a furrow is two; but gem- 
mation is seen to be going on actively around the outer margin of 
the corallum, in the extreme edge of the leaf-like expansions. 
There is no evidence of gemmation taking place on the central part 
of the upper surface. 

The septa are thin, regular, and uniform in thickness throughout, 
and when unworn have their margins moniliform. <A great many 
anastomose, especially near the outer boundary of the furrows, 
where they may be regarded as septal costee. 

There are from twenty to twenty-four septa to each calice, and 
they all pass into the centre of the visceral cavity, and are attached 
to the columella, which is irregular both as to size and shape, and 
has a papillated summit. 

The perforations of the septa are not very numerous, and the 


* Since the above was written, I have discovered a young Thecosmilia attached 
to the specimen above mentioned. This must be taken as additional evidence 
of its occurrence quite at the base of the Coral Rag proper. 
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sloping tabular synapticule resemble those of Thamnastrea, but 
are not much developed *. 

Height of the corallum about nine lines; its greatest diameter 
one inch seven lines. 

A second specimen consists of the peduncular portion only, and 
has the form of an ill-formed and inverted cone, the margin of 
which presents a slightly lobular outline. 

Both these specimens were sent to me some years since by 
the late Mr. Bean, of Scarborough, and labelled “ Meandrina 
decorata, Bean, Coralline Oolite, Malton.” 


Corals from the Portland Oolite. 


IsastR#A oOBLONGA, Edw. and Haime. Pol. Foss. des Terr. Paléon. 
p- 103 (1851); Brit. Foss. Cor. p. 73, pl. xii. (1851). Plate 
XXII. fig. 6. 


Lithostrotion oblongum, Fleming, Brit. Anim. p. 508 (1828). 


Polished specimens of this, the only coral found in the Portland 
Oolite of this country, are extremely pretty and ornamental objects, 
and they are to be seen in the lady’s drawing-room as well as in the 
cabinet of the geologist. In such specimens so much difference in 
internal structure may frequently be observed, as greatly to favour 
the impression that more than one species have been confounded 
under the name of Jsastra@a oblonga. But such is not the case, the 
only real difference being in the state of fossilization; and this dif- 
ference is so great that the real characters of the species have 
been overlooked. 

All the figures of this Coral given by MM. Edwards and Haime 
in their ‘History of British Fossil Corals,’ have been taken from 
specimens in which the stony tissues of the corallum have given 
way to and been replaced by a dark-coloured siliceous matter, the very 
depth of the colour of which has effectually obscured some charac- 
teristic details of structure. Their figure 1 f represents a specimen 
in which the inner parts of the interseptal loculi, instead of being 
filled with the usual light-coloured calcareous deposit, remain open, 
and show the conformation of the septa and the dissepiments very 
distinctly. But in this figure, as well as in the other on the same 
plate, the outer parts of the loculi are filled with the same dark 
siliceous material as the walls with which they are in contact ; and 
as this dark part is not distinguishable from the wall itself, the latter 
appears to be of twice its natural thickness. 

By selecting specimens in which the silicified corallites are less 
deep in colour, the details of structure are more readily seen, and 
the wall is observed to be thin, and to be lined within with a con- 
siderable quantity of dissepimental tissue, through which the septa 


* For a full description of these peculiarly formed synapticule, see the 

aper by Milaschewitch, in the twenty-first volume of the ‘ Paleeontographica.’ 

When seen from the outside, they exhibit a cuneiform figure, and 1 have on 
several occasions described them as cuneiform synapticulz. 
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pass and from which they are very clearly distinguishable. This tissue 
assumes a concentric arrangement, something like a series of rudi- 
mentary walls. one within the other, as in Lzthosirction, in which 
genus it was placed by its first describer. Sometimes the inner ring 
of endotheca is more fully developed than the others, simulating an 
inner wall; but this is not constantly the case, or it would furnish 
grounds for the creation of a new genus. 

There are two species of Corals figured by Reuss from the Cre- 
taceous bed of Gosau, under the names of Prionastrea Hornest an 
Isastrea profunda*, in which the same kind of dissepimental 
structure appears as in the present species. Both of these have 
been subsequently referred to the genus Jsastrea by MM. Milne- 
Edwards and Haimey; and the similarity of structure between 
these Cretaceous species and the Portland one is so considerable, 
that the latter is most likely quite as nearly affined to the Cretaceous 
as to the Oolitic forms of Lsastrea. 

In the series of papers which I have prepared on the Madreporaria 
of the Jurassic formations of this country, and which have been 
read before this Society, the following new genera have been pro- 
posed :—Tricycloseris, Phyllogyra, Phylloseris, Bathycenia, and 
Crateroseris. Eleven other genera, not themselves new, but before 
unknown in the Jurassic deposits of England, have been made 
known. They are Hpismilia, Donacosmilia, Cyathophylha, Con- 
fusastrea, Chorisastrea, Thecoseris, Oroseris, Dimorpharea, Lati- 
meandrarea, Enallohelia, and Favia. Goniocora, before unknown, 
excepting in the Coral Rag, has been found in the Inferior Oolite ; 
and Astrocenia has been added to the list of Great-Oolite and Coral- 
Rag genera. | 

With the present communication ends a series of papers, which 
have been a long time in hand, and are the results of a protracted 
and often repeated examination of a very extensive collection of 
specimens, mostly of my own collecting, and about the locality and 
stratigraphical position of which there cannot therefore be any 
uncertainty ; but I am sorry to be obliged to add, in conclusion, 
that I have not myself as yet had the opportunity of collecting in 
many of the localities from which the Coral-Rag species have been 
obtained. 


DESCRIPTION OF PLATE XXII. 


Fig. 1. Thamnastrea concinna: a portion of a worn corallum of the natural 
size, seen from above. 
: a vertical section of a tall portion of a corallum, natural 
size, showing the arrangement of the corallites. 
: : some calices, magnified. 
4, —— : some calices much worn, showing the prominent columella, 
magnified. 


* Beitr. Kreidesch. Ostalpen. p. 116. 
+ Hist. Nat. Corall. t. ii, pp. 530 and 584. 
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. Astrocenia major: some calices a little magnified. 
. Isastrea oblonga: some corallites of a polished specimen, magnified, 


showing the thin walls and interlocular dissepiments. 
Latimeandrarea decorata : the corallum, natural size, showing marginal 
gemmation. 
—— ——: natural size, seen from above. 
——: magnified portions of the outer margins of some septa, 
showing their perforations and peculiar synapticule. 
: a smaller specimen showing the peduncular portion. 


. Crateroseris fungiformis: the corallum, natural size. 


——-: the weathered outer margins of some septa, showing the 
synapticulee. 


. —— ——: some calices, magnified. 


: some of the mural coste, magnified. 


. Latimeandrarea decorata: a furrow, magnified and showing the 


columella. 
Astrocenia major: a septum magnified, showing its lateral orna- 
mentation. 
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31. On the Section at Hornpwett Cuirrrs, from the top of the LowER 
Heapon to the base of the Upper Baesnor Sanps. By the late 
E. B. Tawney, Esq., M.A., and H. Kerpre, Hsq., of the Wood- 
wardian Museum. (Read June 20, 1883.) 
(Communicated by the Rev. Osmond Fisher, M.A., F.G.S.) 


Tue Hordwell cliffs have been more or less cursorily examined by 
Webster, Lyell, and Searles Wood, and they were described some 
time ago by Dr. T. Wright*. Nevertheless the beds do not seem 
to be so well known to geologists as the interest of their fauna 
demands. The cause may perhaps be that observers have of late 
years failed to find many of the extinct Ruminants which in former 
times were the especial feature of the freshwater beds at Hordwell. 
The description of these deposits by the late Marchioness of Has- 
tings f contains the best information concerning the exact beds in 
which the vertebrate remains were found. 

Last autumn we measured the section bed by bed, and the results 
are here laid down (p. 567). We have adopted the graphical 
method as an aid, because it alone enables an observer to identify 
with facility and without loss of time any bed mentioned in the 
letterpress, and to compare it with the exposure in the cliff. The 
cliffs in no one spot offer an escarpment where the beds are so 
accessible that they could be measured vertically from base to 
summit. Our method has therefore been to measure as much as 
could be conveniently effected at one place, and then move the 
position of observation horizontally. Of course, owing to variation 
in the thickness of beds when followed horizontally, any pretension 
- to minute accuracy is altogether precluded. Absolute accuracy is 
not feasible in geological sections, nor is it necessary. If the measure- 
ments give approximate results for the whole thickness, and preserve 
roughly the comparative proportions between the individual beds, 
that will usually be sufficient. It is certainly so here, where there 
is no great change inthe fauna to record. It was desirable, however, 
to obtain the details as precisely as possible, because our object was 
to study the distribution of the fossils, the lithological changes being 
altogether subordinate to this end. The present table will, we hope, 
serve as an aid, not only to our description but to the valuable work 
recorded by the Marchioness of Hastings. 

We have affixed numbers to the different beds, in order that they 
may be found at once in the letterpress description, which contains 
such details as there was no room for in the section. The limits 
‘etween the beds are of course arbitrary. Probably no two persons 
working separately would select exactly the same divisions, or group 
the smaller alternations of sediments in exactly the same way. 

We have collated the beds in the Marchioness’s description with 
our own, and quote largely from her work, as it has never been 


* Proc. Cotteswold Club, vol. i. pp. 120-130, and Ann. Nat. Hist. ser. 2, vol. 


vii. pp. 433-446. 
+ Bull. Soc. Géol. France, sér. 2, tom. ix. pp. 141-208 (1852). 
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translated into English. It is indeed fortunate that she has so care- 
fully preserved the information for us relating to the beds which 
have yielded the vertebrate remains. 

The senior of the writers was then acting as her collector. He 
lived for a great part of his life close to Hordwell Cliff, and for four 
or five years worked regularly on the cliffs, collecting fossils for the 
Marchioness. Facts relating to the exact spots where the vertebrate 
and other remains were found were communicated to her, though 
occasionally she would assist with her presence. 

We are particular in making this admission, because there are 
some statements in her description which the writer cannot reconcile 
with his memory or with the present state of the cliff. 

As far as the limits to which our section extends, we have, though 
wishing to draw attention chiefly to the freshwater Lower-Headon 
series, also added measurements of the sands which come in below, 
the so-called Upper Bagshot Sands of the Geological Survey. 

The thickness of the Lower Headon at Hordwell, between Long 
Mead End and Paddy’s Gap, we make to be 835 feet. The measure- 
ments given by the Marchioness leave a wide margin. If we take 
her maximum, it is 94 feet 10 inches, while her minimum gives 
78 feet. Dr. Wright’s numbers added up amount to about 64 feet. 

Commencing at the top of the series, the first bed (33) we de- 
scribe as brownish-green marly clay, fully 3 feet thick; it shows 
signs of much weathering, and looks almost as if it was calcareous 
enough to have been a limestone before being subjected to meteoric 
action; it contains Paludina lenta. Its base is brown and car- 
bonaceous for one inch. A lignitic clay. 

(32) next below is a Limnea-marl, passing to pale greenish-brown 
clay; both may be put together at from 1 foot 10 inches to 2 feet. 
In this marl serpents’ vertebree have been found, while it has abun- 
dance of Limnea and Paludina. 

We consider this Zimnea-marl to be probably on the horizon of, 
and to be the equivalent of, the How-Ledge limestone on the other 
side of the Solent. It bears a similar relation to the Unio-bed, 
which is one of marked characters, and easily recognizable both in 
the island and at Hordwell. Indeed, possibly (82) and (33), with 
the lignitic layer between, represent the 5 feet of purer limestone 
at How Ledge, with its thin hgnitic layer in the middle. 

This stratum, comprising (32) and (33), is the highest bed we 
have seen in the Lower Headon; it forms the top of the Fresh- 

“water series, which is enclosed between the marine Middle Headon 
and the estuarine Upper Bagshot Sands. 

Above it, we have said, is the Middle Headon, the marine bed 
which formerly yielded so many of the same fossils as characterize 
the Middle Headon of Colwell Bay and Headon Hill. The bed is 
not to be seen now, as we have elsewhere remarked *, nor has it 
been visible for many years. 

The earliest finder of the bed was apparently Mr. H. Higgins, 
who found the fossils oozing out of the gravelly undercliff or tumbled 

* Quart. Journ. Geol. Soc. vol. xxxvii. p. 107 (1881). 

Q,5,G. Sa No. 196. 2s 
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base of the cliff close to the beach. It was next described by Mr. Searles 
Wood, who gave a list of its fossils, and stated that it extended for 
40 yards *. It was seen at the time referred to by one of the present 
writers, Whose opinion is that it was distinctly not in place, but was 
forced up out of the undercliff by the pressure of fallen material. 
It was so rich in fossils that in a few years every bit of it exposed 
was carried away by fossil-collectors. In order to obtain a clear 
section of this bed for the Marchioness, a pit was sunk, clearing 
away the gravel, and exposing it much higher up in the cliff. From 
this pit were obtained the fossils in the Edwards, the Marchioness’s, 
-and the Woodwardian-Museum collections, besides what found their 
way into numerous private collections. The writer has visited the 
locality every year since, and is able to state that the true Middle- 
Headon bed has never been exposed in place in Hordwell Chff since 
that date. Apparently the Long-Mead-Hnd shell-bed (Upper Bag- 
shot) has been by some mistaken for it. 

We cannot agree with what the Marchioness of Hastings has 
written concerning the position of this bed. She has placed 6—8 feet 
of grey sands above it; and by the lists of fossils which are given, we 
are able to identify bed No. 1 of her section as our beds (33), (32), 
and part of (31). Her No.2, the Middle Headon, is misplaced ; it 
ought to come above (1). It is described as having been 10-12 
inches thick, but ‘‘ now almost entirely effaced, as it has not main- 
tained a horizontal direction.” The statement of Messrs. Edwards 
and Wood that Limnea and Planorbis are found in the bed, was 
doubted by the Marchioness, she stating that this bed is truly marine. 
Then follows a statement, “‘The band above mentioned, as being 
found at the base ty of the first stratum, takes the place of the 
second stratum after its disappearance, which is peculiar, because 
its fossils are indubitably freshwater.” This probably means that 
the Limnea-limestone further west is seen at a slightly higher 
level than the marine bed was seen at, which proves that it had 
slipped, and was not in place. In the present state of the cliff 
even, it is quite easy to see that she has misapprehended the rela- 
tive position of these top beds. 

Dr. T. Wright = has also misplaced the marine bed. He writes :— 
“This bed was much covered up at its origin and throughout nearly 
its entire course at tue time of my visit [1850], and was only exposed 
at one place to the extent of about 10 yards.” Itis his bed (4), 
and he places it below the Unio-bed, a clear proof that the marine 
bed was not in place where he saw it, but squeezed out among the 
tumbled material. He has further involved matters by placing his 
bed No. 3 also above the marine bed; whereas it is easily identifi- 
able with bed (4) of the Marchioness’s section, a bed below both the 
Unio-bed and the marine bed. The present state of the cliff shows 
his view to be impossible, as all the beds are now exposed ; it should 


* Lond. Geol. Journ. No. 1, p. 2 (1846). 

+ In her later paper in the ‘ Philosophical Magazine’ (Joc. cit. pp. 8 & 4), the 
Marchioness refers this fossiliferous band to the top of her Stratum 1.—Eb. 
Q.J.G.8. { Loe..cit. p. 123. 
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have been evident that the marine bed occupying a lower level in the 
underclitf could not have been in place. 

We may add that no beds have ever been seen at Hordwell higher 
than the marine Middle-Headon bed. ‘This agrees with the view 
taken by the Rev. O. Fisher, who says :—“ It will be seen from the 
above section | of the Hordwell beds, made in 1853] that the calca- 
reous bands of Hordwell, belonging as they do to the first freshwater 
series above the Barton, must be correlated with the Lower-Headon 
Limestones, of which the How-Ledge Limestone is the top. They do 
not represent the Great Upper-Headon Limestone. Any correlation 
of the beds of Hordwell Cliff with those of Colwell Bay [north-east 
of How Ledge] will therefore be misleading; the former being below 
the horizon of the How-Ledge Limestone, and the latter above it.”’ 
It is at Warden Cliff and Totlands Bay that the correlatives of 
the Hordwell Series must be sought for. Mr. Fisher adds :—‘“ The 
stratum on the mainland which corresponds with the Colwell-Bay 
or Headon-Hill ‘ Venus-bed’ must be sought for at Hordwell above 
the freshwater series ; and it occurs at a place called Rook Cliff, 
about a mile to the east of Beacon Bunney in a low cliff. It is 
usually buried under a talus of gravel” (Geol. Mag. Dec. 2, vol ix. 
p- 139). Prof. Judd, however, remarks that Mr. Fisher identifies 
the thin limestone band below the marine bed with the How-Ledge 
Limestone of the Isle of Wight (Quart. Journ. Geol. Soc. vol. xxxviil. 
p- 474). But it will be seen that we hold similar opinions with 
Mr. Fisher. It is true that half a mile further east, near Weston- 
Lane End, freshwater beds are seen; but they are easily recog- 
nizable, from their fossils and peculiar lithological character, as the 
Unio-bed, which, as is well known, belongs to the Lower Headon. 
They are probably brought up by a slight undulation in the beds ; 
there is no doubt at all as to their identification. 

We conceive Dr. Wright to be in error in stating that the Upper 
Freshwater formation exists at Hordwell, though he gives 20 feet 
thickness for it. On examining his description we find his bed 
No. (2) to be the Unio-bed, which belongs to the Lower Headon. 
No such bed exists at any locality where the Upper Freshwater has 
been examined. Dr. Wright’s bed No. (1), from its great thickness, 
we cannot identify ; but it may probably be the upper part of the 
sands of the Unzo-bed, which is nearly unfossiliferous at top. He has 
moreover missed the Zimnea-limestone, or else made no mention of it. 

Searles Wood, in speaking of the remaining portion of cliff to the 
eastward, says * :—“ I consider [it], more from position than from its 
organic contents, as the Upper Fresh-water. Indeed I am not ac- 
quainted with any species peculiar to this stratum ; for I have found 
all hitherto published as such in the Lower Freshwater at Hord- 
well.” He thus admits the fossil evidence to be opposed to his 
conclusion respecting the position. 

Dr. Wright’s first bed of the Lower Headon (Lower Freshwater) 
No. 5, is our bed (28), identifiable by the Gyrogontes. Both Dr. 
Wright and Searles Wood + agree in considering the Lower Headon 


* Loc. cit. p. 3. + Lee, cit. p. 5. 
282 
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as a purely freshwater deposit; and we believe that any one who 
carefully examines the beds will come to the same conclusion. 

The next group of beds (31) comprehends sands 7 feet 10 inches base, 
or alternations of purplish grey sands and clays in thin layers; 
these are extremely fossiliferous towards the lower part, containing 
Paludina in some layers; but most characteristic are the layers of 
Melania turritissima, Unio Solandri, and seed-vessels (Carpolithes). 
At the base is a bed full of these little black seeds with Uniones. 
We have called this the ‘* Unio-bed.” It is recognizable, with the 
same characters, in Warden Cliff and Headon Hill, ‘where it occupies 
a similar position in the Lower-Headon Series. 

This bed is apparently bed No. 3 of the Marchioness’s scree given 
as 4-5 feet thick ; it is mentioned that a specimen of Potamdes was 
found in this bed, ‘‘ but it is rare.’ 

(30) A series of clays 9 feet thick are classed together, for they 
are not rich enough in fossils to make further division advisable ; 
they consist of pale greenish clay above, marly beds in the centre 
with Paludina, Limnea, and Unio, and green clay below. 

This corresponds, at any rate in part, to bed (4) of the Mar- 
chioness’s section; but, since the thicknesses she gives are usually 
greater than ours, it is not certain that the same grouping has been 
taken. She mentions small teeth of undeterminable Mammalia, 
small jaws, and a large calcaneum from this bed. 

(29) Lignitic clay, “purplish brown in colour, with reeds: 3 inches. 

(28) Whity-brown sands, 2 feet 3 inches. The Chara-bed occurs at 
this horizon, forming pale grey sands about 6 inches thick. It isseen 
near Paddy’s Gap, but thins out further west. It is very rich in seeds of 
Chara, Limnea longiscata, Melania hordeacea?, and Cyrena arenaria. 

These (28, 29) are apparently represented by bed (5) of the 
Marchioness’s section, given as 4-6 feet thick; it is said to begin 
with a very varied band (about 1 inch) of lignite. Then comes 
grey sand without fossils, 13 foot; next grey clay, 14 foot; and it 
terminates with 14 foot of sand, containing Chara, fragments of 
Trionyx, Unio, Limnea, &c. This is the last bed in which Unio 
occurs. The mention of Chara shows that the lower boundary 
agrees with ours. The thickness given by her is scarcely recon- 
cilable with our measurements. 

(27) A lignitic band with Typha, 3 inches; thin ferruginous and 
purplish clay with rootlets, 1 foot. 

(26) Clay-iron concretions, reddish and oe at the top of 
13 foot of a whitish marly hard bed. 

* (25) Pale grey sands, 8 inches. 

(24) Concretionary white marl layers, alternating with pale green 
layers ; bright — clay peculiarly spotted, and thin stiff green 
clays: the whole 34 feet. 

(23) Lignite band, 1 inch; whity-brown sands, 14 foot. 

(22) Bright green ‘clay, and hard clayey marl weathering with a 
conchoidal fracture, Ze tee. 

(21) Bright green clays with a shelly band ; Lemna, Potamomya 
plana, Paludina lenta, Dreissena . 7 inches. 


Nos. 27-21 probably correspond to bed (6) of the Marchioness’s 
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section, said to average from 15 to 20 feet. A one-inch lignite layer 
runs across the middle of the bed, and it is said to be almost devoid 
of fossils ; everything agrees with our description except the thickness. 

(20) Lignite and clay, 8 inches, 

(19) Alternating buff and pale greenish sands, 1 foot. 

(18) Bright green clay and stiff green clay, 1 foot 9 inches. 

These correspond with bed (7) of the Marchioness’s section, the 

mean thickness of which is given as 4-6 feet, which exceeds our 
measurement. 
(17) Pale cream-coloured Limnea-limestone, 3-7 inches, con- 
taining several species of Limnea and Planorbis rotundatus. It 
corresponds obviously to bed (8) of the Marchioness’s section. Dr. 
Wright mentions Chara seeds as occurring in this bed. 

(16) Clay, sometimes lignitic, 1 inch; then stiff greenish clay, 
43 feet, with a thick iron-stone bed in the middle; at the base of 
these clays the sediments become more sandy, and contain Pota- 
momya plana. This corresponds to bed (9) of the Marchioness’s 
section, who, however, as usual, gives a greater thickness to it. 

(15) At the top is soft sand, with Paludina lenta, Iimnea 
caudata, Potamomya plana, Cyrena arenaria, Dressena, Lepidosteus, 
and Crocodile; then hard sand of a pale or whitish tint, with 
plates of Turtles, and bands of Potamomya plana; below are whity- 
brown sands, with carbonaceous layers and Potamomya in bands. 
The whole, about 7 feet thick, may be called the Crocodile-bed, 
having been so known to local, collectors; the best horizon for 
Crocodiles is about 5 feet up in this bed. 

In the Marchioness’s section it is No. 10, given as 8-9 feet, 
and seeds of Chara are mentioned. She also says that it is the 
only bed, except her No. 3, in which Potamides is found”*. In the 
Woodwardian Museum there is a Crocodilus Hastingsie collected 
by one of us, with several specimens of Potamides pyrgota in the 
matrix among the bones. The Marchioness draws attention to this 
association. Of mammals, she mentions Paloplotherium, Dichobune, 
Hycnodon, found in this bed; of reptiles, besides the Crocodile, are 
Trinyx Henrici, T. Barbare, T. marginatus, T'. cirewmsulcatus, and 
Emys crassus. Dr. Wright fT states that Paleotherium splenum, P. 
parvum, P. annectens, Microcherus, and Spalacodon were also found. 
in this bed. He does not state his authority. Searles Wood, in 
figuring Microcherus, does not state in which bed he found it. 

(14) Greenish clay, 2 inches ; whity-brown sand, 6 inches ; bluish 
grey clay-band, 1 inch, with Melanopsis brevis. 

(13) Light greyish-white sands, 6—9 inches: a constant bed. It 
may be called the Rolled-bone bed, from the abraded state of the 
remains. Mammalian bones, Hmys, Trionyx, and Crocodile are 
mentioned by the Marchioness. These last two beds apparently 
correspond to No. 11 of her section. 


* In her later paper (Phil. Mag. loc. cit. p. 6) the Marchioness considerably 
modifies this statement, as follows :—‘‘ This and strata 5 and 11 are the only 
beds where the first-mentioned of these shells [Potamides] is found, except very 
sparingly, and stratum 10 is the only one where they are found in abundance.” 
—KEp. Q.J.G.S. 

T Loe. cit. p. 126. 
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(12) Greenish-grey clay, with rootlets, 3 feet 3 inches. This 
seems to be No. 12 of the Marchioness’s section, which is given as 
1—2 feet thick. 

(11) Pale purplish-white sand, with rootlets ; much carbonaceous 
matter in this bed. 

(10) Carbonaceous clay, with rootlets, 9 inches to 13 foot thick, 
where we measured it east of Long-Mead End. ‘This is the leaf-bed. 
West of Long-Mead End it thickens out, z.¢. carbonaceous and 
lignitic matter invade a greater thickness of the sediments; fully 
12 feet of it are seen in one place. To the east, where thin, it has 
yielded some good leaves; but near Long-Mead End their structure 
has gone: they look as if they had lain too long in stagnant water. 
The last two beds seem to correspond with No. 13 of the Marchioness’s 
section, given as 6--8 feet thick. She mentions an associated set of 
Paleotherioid bones from this bed. 

(9) Bluish-grey clay, with a pale sand layer, Paludina lenta and 
rootlets ; some ironstone bands also in the sand; after the whity- 
brown sands follow some bluish-green clays, still with layers of 
Paludina lenta; and it is in these clays and sandy clays with root- 
lets that the greater number of the mammalian remains have been 
found. This may be called the Mammal-bed; its thickness is 
124 feet. We had the good fortune to find the mandible of a Dichodon 
here on our last visit. Mammals, however, have been seldom found 
of late years. 

This is part of No. 15 of the Marchioness’s section, the thickness 
of which is estimated at 20-25 feet; but our beds (8-3) seem also 
to be included. She states that she obtained from it Anthracotherium, 
Anoplotherium commune, Paloplotherium, Trionyx, Emys, sometimes 
bones of birds &c.; ‘* remains are not common and difficult to extract. ” 

(8) Argillaceous ironstone, 10 inches. 

(7) Marl bed, 1 inch, contains serpents’ vertebra, Paludina, and 
Potamomya. The Marchioness mentions a bed immediately above 
the ironstone, with vertebre of lizards, and teeth of mammals, 
and fishes, crocodiles, Trionyx, and Hmys. It is a pity that these 
teeth were not determined at the time. Though the collection is 
now in the National Museum, Cromwell Road, and can be studied, 
there is no means of recognizing what bed a tooth or bone comes 
from unless it be imbedded in matrix. She also notices our bed (7) 
below the ironstone as containing the same fossils. Both these 
(7 and 8) form part of bed No. 15 of her section. 

(6) Sandy clay, 2 feet 3 inches. 

(5) Greenish-grey clay, stained with carbonaceous matter at the 
top, about 3 feet. 

(4) Purplish clay and lignitic bands, 2 feet; the lower part of 
the clay is light grey in colour. 

(3) Blackish-grey clay full of fossils, 8 inches ; Dreissena Brardiz, 
Potamomya plana in great abundance, Cyrena cycladiformis, Ceri- 
taum pyrgotum, and Melanopsis fusiformis. 

We consider this still a freshwater bed because of the Dreissena 
and Potamomya; but in the Marchioness’s section she makes the 
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estuarine series commence at the lignite. The lgrites, again, 
are much more likely to be freshwater, since they contain leaves 
and rushes, which seem to have been deposited in still and stagnant 
water. 

(2) Pale grey clay, with rootlets, 1 foot. 

(1) Lignitic bed, 2 inches. We make this lignite the base of our 
Freshwater series or Lower Headon. Below commence the Estuarine 
beds, which have been called ‘“‘ Upper Bagshot Sands” by the Geo- 
logical Survey. From the time of Searles Wood and Dr. Wright, 
and their vontemporaries, their estuarine character has been re- 
cognized. 

The total thickness of the freshwater Lower Headon we have 
here measured as 833 feet. In Totland Bay and Headen Hill we 
estimated the thickness of the same series as 87 feet. At Hordwell 
there are not so many Limnea-limestones as at Warden Cliff; but 
the deposits are much richer in vertebrate fossils than in the Isle of 
Wight, and the Lower beds are much richer in fossils of all sorts 
than at Headon Hill. Vertebrates have, however, been found in 
the Lower Headon of Headon Hill: we may refer to the jaw of 
Dichodon cuspidatus, Ow., found by Dr. Wright and described by 
ret. Owen *- 

We will now proceed in descending order with the measurements 
of the individual beds of the Estuarine series. At the commencement 
they are so rich in fossils that they are worthy of separate mention. 

(a) Dark grey to black laminated clay, 10 inches. Meritina 
concava, Cerithium variebile, C. pyrgotum, Melanopsis fusiformis, 
Dressena Brardu, Cyrena cycladiformis ? 

(b) Mottled green and grey sandy clay; the grey portions rami- 
fying in the green in tubular shapes, 1 foot ; rich in fossils :—Oliva 
Branderi, Cer. variabile, C. pleurotomordes, Natica labellata, Melania 
hordeola, Melanopsis fusifornus, Marginella simplex, Cyrena cycladi- 
formis. 

(c) Dark grey to black clay, with grey sand-layers, 1 foot. Fossils 
abundant—Coprolites, Melania muricata, M. hordeacea, Certthium 
pyrgotum, C. ventricosum, Dreissena Brardiu, Modioia Nystiv. 

(d) Grey sandy shell-rock, about 1 foot thick, full of fossils— 
Cerithium pleurotomoides being excessively abundant. Many years 
ago one of the authors found three turtles in this bed; they were 
whole when found, but could not be preserved. 

These beds (a—d) apparently correspond to the lower part of No. 16. 
of the Marchioness’s section, 4—5 feet. She mentioned that they are 
generally covered with beach ; but the sea having swept the beach 
away in August 1851, what had not been seen for years was dis- 
covered. We may add that we were equally fortunate in August 
1882. ‘The crowding of the fossils in places is extraordinary. The 
beds were measured by us at Long Mead End. 

(e) Whity-brown to pale yellow sands, with some ochreous seams ; 
a layer of Cerithium pleurotomoides at the base. 

(f{) Pale grey sand full of Cerithium pleurotomoides, ochreous colour 

* Quart. Journ. Geol. Soc. vol. iv. p. 36. 
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in places. Other fossils in layers are: Oliva Branderi, Psammobia 
solida, Melania hordeacea, Cyrena cycladiformis. 

These sands are exceedingly rich in fossils in layers. We have 
on a former occasion * given a list of them obtained a lttle west of 
the path down to the beach at Long-Mead End; but we had not then 
the opportunity of seeing these beds so well exposed, which, as we 
have mentioned, were especially favourably seen this-time. 

(g) Below is white sand, apparently unfossiliferous; fully 10 feet 
of it are seen; but this may possibly be somewhat less than its real 
thickness. Owing to the tumbled material it is not easy to see its 
base and summit at the same time. 

Adding up, we should have a thickness of 173 feet for the Upper 
Bagshot Sands, and 873 feet for the freshwater Lower Headon. 

The limit between them is, of course, slightly arbitrary, since the 
marine shells gradually die out, while the freshwater ones, such as 
Dreissena, are occasionally found in the uppermost estuarine beds, 
where the passage begins. We place the line of division one bed 
above where we last found Oliva Branderi. In the top bed of the 
estuarine series 18 occasionally seen a stray Potamomya or Dreissena ; 
otherwise we should say that there was a definite line at the lignite, 
dividing the freshwater shells from the estuarine and marine. The 
Oliva is common to the clays below, well seen at Beacon Bunney. 

It may be considered a marine inhabitant, and is one of the well- 
known links connecting the Upper-Bagshot sands with the Barton 
beds. It is not found higher up in the series. 


Discussion. 


The Presiprnt spoke of the pains always bestowed by the late 
Mr. Tawney on his geological work, and invited discussion. 

Prof. Prestwick remarked upon the few papers that had been 
published on the Hampshire coast, hence the value of this paper ; 
but it was hardly possible to discuss it without a map or sections, 
especially as it had necessarily been much abbreviated. 

Prof. Jupp said that the paper seemed to be a critical one, and 
the criticism was rather of the nature of a statement that the authors 
had not seen what several distinguished observers, such as Mr. F. 
Edwards, Mr. Searles Wood, Dr. Wright, and others stated they had 
distinctly seen. He himself had seen a portion of the bed in ques- 
tion. This bed, which had been seen in situ by so many observers, 
we were now asked to believe was only a squeezed-out mass. It 
was remarkable that one of the authors of this paper had assisted 
most of the geologists mentioned above, when either he failed to 
persuade them that his present view was the right one, or his 
memory had failed him as to what he then thought on the subject. 
The coast had receded greatly at this point, the beds were very 
variable, and exact identification of them over wide areas was not 
possible. 


* Quart. Journ. Geol. Soc. vol. xxxvii. p. 115 (1881). 
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Vertical Section of Hordwell Oliff from the top of the Lower Headon Beds to the base of the Upper Bagshot Sands. (Scale 4 inch to a foot.) 
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32. On the alleged Existence of OVIBos MOSCHATUS in the Forusr- 
Bev, and its Ranez in Spack and True. By W. Borp Dawxrys, 
Esq., M.A., F.R.S., F.G.8., Professor of Geology and Palwon- 
tology in the Victoria University. (Read June 20, 1883.) 
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1. Introduction. 


THE specimen which forms the subject of the present notice 
formed part of the collection of the late Rev. F. Buxton, and was 
sent to me for identification by his brother, Mr. A. F. Buxton, in 


Skull of Ovibos moschatus (Porest-bed, Trimingham). 
(One fourth natural size.) 


April 1883. It was obtained by a fisherman from the Forest-bed 
of Trimingham, four miles from Cromer, in Norfolk, and may be 


; 
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inferred to have been discovered zn situ, since its edges and processes 
are sharp and fresh, and the red matrix is still adherent in places. 
Had it been a waif and stray on the beach, it would have been 
water-washed and more or less abraded, as is invariably the case 
with beach-specimens cast up by the waves. 


2. Description and Identification. 


It consists of the posterior half of the upper surface of the skull 
(see figure), comprising part of the occipital, the whole of the 
parietals and frontals with the basal portion of the two horn-cores, 
the posterior half of the left orbit, the lacrymals, and fragments 
of the maxillaries. The measurements of the various parts are 


given in the accompanying table in the first column in inches and 
tenths. 


Table of Comparative Measurements of Skulls of Musk-Sheep. 


| Fossil. Living. 
_ | -| 2 I 
i . O . 
| 2/0 ole 3/9 eas 
| | S|) Oe | oo) |e) cy) ema 
S| Se) elas Cel & 
= = = 
| Nuchal crest to fronto-nasal) 
SUGGS Meee ee eee: oD 11-2) 7-6 13-8 
| Frontal width at parieto-fron- 
Ie abel MUU 8 Usenack cnet caeeene sc 4°5 
Frontal width in front of 
OMM-COLes ee ware - ces eee 34 
Extent of orbits from median 
suture of frontals ........-..- 4:8} 44)... |... |... | 44) 34) 54 
| Extent of orbit beyond facial 
| plane of maxillary ..... swe POW gaa ol sale 2] seer cll” cece [a eetra aalieoe e 
Space between horn-cores ...| 1:5] -65| °5| °4| 1:0 
| Basal circumference of horn- 
CORERI eee bs eee tok leat 11:0 |17°6 |13-1 |14-0 |15-0 |14.'5 
Length of horn-cores ......... 50 


On comparing the skull from Trimingham with the fossil skulls 
from various deposits in Britain, which have been described in my 
monograph * on Ovibos moschatus, as well as with the recent skulls 
in the British Museum and the College of Surgeons, from the Arctic 
regions, it is at once obvious that it belongs to the same series and is 
specifically identical with the living Musk-Sheep. I have further 
compared it with the Bootheriwm of Leidy, the remarkable extinct 
Ovibos of the Pleistocene strata of North America, and find that it 
has no affinities in that direction. It is, in fine, a fragment of a 
large skull belonging to an adult female, with the orbital ring 


* Ovibos moschatus, Pal. Soc. vol. xxv. 
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projecting slightly further outwards than in the few specimens with 
which it has been compared; and its only importance lies in the fact of 
its having been obtained from the Forest-bed, from strata earlier in 
point of time than any in which it has hitherto been found. 


3. Range in North America, Northern Asia, and 
continental Hurope. 


Since the publication of the memoir on Ovzbos moschatus, published 
by the Paleontographical Society in 1872, several discoveries have 
been made which render it desirable to give an outline of the range of 
the animal in space and time up to the knowledge of to-day. ‘The 
animal is, as is well known, now only found in the mossy treeless 
districts bordering on the Arctic Ocean in North America and 
Greenland, and apparently does not range, even in the winter, 
further to the south than the latitude of 59°; nor does it range 
further to the west than the valley of the river Mackenzie. In the 
Pleistocene age, however, it extended far beyond these narrow limits. 
The remains obtained by Captains Beechey and Kellett in the frozen 
loams, sands, and gravels of Eschscholtz Bay prove that then it lived 
on the banks of the streams opening on Behring’s Straits, along with 
the elk, bison, reindeer, horse, and mammoth. It is represented by 
a closely allied form in the Pleistocene strata of the United States, the 
Ovibos carfrons (male), bombifrons (female) (= Bootheriwm of Leidy), 
found at big-bone Lick, in Kentucky, along with the remains of 
the reindeer, Virginian deer, elk, bison, horse, mammoth, Mastodon, 
Megalonyx, and Mylodon, and in other localities in the water-shed 
of the Mississippi as far south as Arkansas. 

On the western side of Behring’s Straits the remains of the 
musk-sheep are found throughout the area of the Siberian tundras, 
and side by side with the mammoth and woolly rhinoceros, and 
in Northern Germany in association with the same animals, and in 
various river-deposits and caves in France, generally along with 
these animals and sometimes with flint implements, and the re- 
mains of Hlephas antiquus, the cave-hyzna, and the bear. Ouvibos 
moschatus therefore ranged in the Pleistocene age over an enormous 
tract in the Old World, over the Siberian steppes, over Russia in 
Europe, and Northern Germany, and as far to the south west as the 
Pyrenees. 

It has not been found south of the Alps or west of the Pyrenees, 
which formed barriers to the migration of the northern group of 
Asiatic animals in those times. 


4, Present in Britain in. Late Pleistocene Age. 


The musk-sheep has been recorded in Britain from the following 
localities * :—in 1855 a fragment of a skull of a male was obtained by 
the Rey. Charles Kingsley and Sir John Lubbock from the low-level 
gravel of the Thames near Maidenhead, in which occur also the re- 
mains of the mammoth. To Sir John Lubbock also we are indebted 


* See Ovibos moschatus, op. cit. chap. iv. 
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for the second find of skull of a male in the fluviatile gravel of 
Green Street Green near Bromley in Kent, associated with the 
remains of a bison. A third case is the discovery of portions of 
male and female skulls by Mr. Charles Moore in the gravels of the 
Avon at Freshford, near Bath, along with the mammoth, bison, horse, 
and reindeer. 

The animal has also been discovered in the gravels of the valley 
of the Severn at Barnwood, near Gloucester, by Mr. Lucy, in 
association with the mammoth and woolly rhinoceros; and in those 
of the Wiley at Fisherton, near Salisbury, along with the same 
group of animals and the stag, wild boar, pouched ‘marmot, lem- 
ming, wolf, lion, and striped hyzena. In all these cases the pre- 
sence of the Northern group of mammalia and of the mammoth and 
woolly rhinoceros, coupled with the absence of survivors from the 
Phocene fauna, make the time of its sojourn in Britain to be late 
Pleistocene; nor can there be any doubt as to the animal having 
inhabited the valley of the Severn in postglacial times, since the 
eravel* composed of the neighbouring Oolites, in which its remains 
occur, rests upon the older postglacial gravel, which was formed by 
the break-up of glacial deposits with erratics by the streams. In this 
case the evidence is perfect that the animal was in Britain long after 
the retreat of the ice from the valley of the Severn, and after the 
emergence of that low-lying district from beneath the waves of the 
Glacial sea. 


5. Present in Britaan mm Mid and Early Pleistocene Ages. 


The discovery of the skull of a fine old male in 1866 by myself 
and Mr. Flaxman Spurrell in the Lower Brick-earth of the 
Thames Valley at Crayford proved that the musk-sheep was present 
in an older fauna than the above, a fauna from which the arctic 
mammalia with this solitary exception are absent, while the Pliocene 
species are represented by Rhinoceros megarhinus. 

Since that time a few isolated teeth have been discovered at Erith 
in the same strata by Messrs. Cheadle and Woodward. It was 
therefore living in the valley of the Thames during that Mid 
Pleistocene division, according to my classification. The relation of 
this deposit to the Boulder-clays further to the north seems to me to 
be defined by the fact that it underlies the confused strata known 
under the name of “ Trail,” in which the action of either ice or snow 
is obvious in the transport of angular masses of soft Woolwich Clays 
at Erith, and that this trail on the side north of the Thames at Ilford 
is composed of materials in part derived from the Boulder-clays of 
the district, even if it be not Boulder-clay rearranged im situ. The 
Lower Brick-earths, too, differ from the other fluviatile deposits in the 
Thames valley in the fact that they contain no erratics, and therefore 
must have been formed before the erratics were brought into the 
area of the Thames valley by the ice, and before the streams had 


* Lucy, ‘The Gravels of the Severn, Avon, and Evenlode,” Cotteswold Club, 
April 7, 1869, p. 8. The oolite-gravel of Barnwood is seen at K:ngsholm over- 
lying the gravel with erratics. 
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begun to attack the Boulder-clays, and to deposit their débris in the 
gravel bands of the Thames valley. From these two considerations 
J am inclined to hold that these deposits are preglacial, in the sense 
of being before the period of the Boulder-clay in the Thames 
valley. 

6. Present in Britain in Early Pleistocene Ages. 


Whatever doubts, however, may be held concerning the relation of 
the Lower Brick-earth of the Thames valley to the Boulder-clays, 
there can be none regarding the Forest-bed and associated estuarine 
and treshwater series ; and consequently the skull found at 'Triming- 
ham proves that the musk-sheep was in the valley of the North Sea 
before the Boulder-clay, and extends its range to the early preglacial 
stage of the Pleistocene period, when the living mammalia came in 
force into Kurope and began to supplant the Pliocene species. 


7. The Overlap of Pliocene and Pleistocene Mammal-faunas in the 
Forest-bed, 

In the Forest-bed Pliocene and Pleistocene species are so 
mingled together as to prove that the mammal-faunas overlapped 
in that area of Norfolk and Suffolk. To what extent this took 
place may be seen from the following list brought down to the 
knowledge of to-day. 


Mammalha of the Forest-bed and Fluvio-marine Series. 
Survivals from Pliocene. Living species.—1. 
Hippopotamus amphibius, 
Survivals from the Pliocene. Extinct species.—11. 
Machairodus 


Rhinoceros etruscus, Fale. 


Cervus Polignacus, Rob. 

dicranios, Nesti,=C. Sedg- 
wickii, Fale. 

Carnutorum *, Laug. 


megarhinus, Christ. 
Hquus Stenonis, Cocchi. 
EHlephas meridionalis, Nes??. 
Trogontherium Cuvieri, Owen. 


etueriarum ?, Cr. e¢ Job. 


Cervus tetraceros t, Dawh. 


New Comers. Living species.—21. 


Canis lupus, L. 

vulpes, L, 

Mustela martes, L. 

Hyena crocuta, var. spelea. 
Gulo luscus, Z. 

Ursus ferox. 

Sus scrofa, Z. : 

Ovibos moschatus, Bl. 

Bos primigenius, C. | 
Cervus elaphus, L. 
capreolus, L, 


Equus caballus, Z. 

Castor fiber, L. 

Arvicola glareolus, Schreb. 
amphibius, Z. 
arvalis, Pad. 
gregalis, Pal. 

Mus sylvaticus, LZ. 

Talpa europxa, L. 

Sorex vulgaris, L. 

Mygale moschata, Fisch. 


* After a careful survey of St.-Prest in 1880, and an examination of the 
fossils in the Ecole des Mines in Paris and of those in the Chateau de Dampierre, 
collected by the late Duc de Luynes, I am obliged to assign the stratum with 
these remains to the late Plocene instead of the early Pleistocene. 

t+ This specimen is in the Museum of the Geological Survey in Jermyn Street, 
and was obtained from the freshwater deposit at Runton. The species is also re- 
presented by many fragments from the Forest-bed in the collection of Mr. Back- 
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New Comers. Extinct species.—6. 
Ursus spelzus. Goldf. | Elephas antiquus, Fale. 


Cervus verticornis, Dawk. Arvicola intermedius, Newt. 
Elephas primigenius, Bay. | Caprovis Savinii, Newt.* 


From the examination of this list it will be seen that out of 39 
species, twelve belong to the Pliocene strata of France and Italy, 
while 27 are to be counted as immigrants and, with three exceptions 
(Cervus verticornis, Cuprovis Savini, and Arvicola intermedius), as 
common late Pleistocene forms. It is obvious therefore that the 
line of division between the Pliocene and Pleistocene must be drawn 
so as to include the Forest-bed within the latter. The additions made 
to the fauna by Mr. E. T. Newton and others since the publication 
of my memoir f on classification in 1872 have confirmed the accu- 
racy of this conclusion, and have further proved that the arctic 
mammalia were then in the valley of the North Sea. Itis not a 
little strange that the musk-sheep and the glutton, two animals now 
living side by side in North America, should appear together in 
Britain. They undoubtedly were driven so far south at this time 
by the gradual lowering of the temperature, which has left its mark 
in the Forest-bed strata by the replacement of the cold-temperature 
trees of the Forest-bed proper by stunted types peculiar to cold 
climates, and by the appearance of Arctic species such as Salix 
polaris and Hypnum turgescens ft. 


8. General Conclusions. 


The following conclusions may be drawn from the foregoing 
observations :—First that the Musk-sheep invaded Britain from 
the continent, along with the rest of the North-Asiatic animals 
characteristic of the Pleistocene area, before the glacial conditions 
of climate had set in in the area of the eastern counties ; secondly, 
that it was living in the valley of the Severn after the glacial con- 
ditions had disappeared from that area. It most probably arrived 
at the southern limits of its range on the continent while the cold 
was at its height in Britain, and swung northwards again as the 
cold diminished. In other words it may be said to be pre-, inter-, and 
post-glacial in Europe. Lastly it may be gathered from the large 
number of living species of mammalia in the Forest-bed that the 
phenomena summed up under the head of glacial do not form a hard 


house. The species occurs in the Pliocene strata of Auvergne. See Dawkins, 
“Contributions to the History of the Deer of the European Miocene and 
Pliocene Strata,” Quart. Journ. Geol. Soc. 1878, p. 416. 

* From these lists I have omitted all the doubtful forms and more especially 
the fragmentary antlers, which await future identification. For an admirable 
account of the Vertebrates of the Forest-bed, see E. T. Newton, ‘‘ The Vertebrates 
of the Forest-bed series,’ Mem. Geol. Survey, 1882. To the lists hitherto 
published I have added three forms, the Ovzbos moschatus, the Cervus tetra- 
ceros, and the Hyena spelea, the last of which is in the collection of Mr. 
Backhouse. 

+ Quart. Journ. Geol. Soc. Nov. 1872. 

¢ Nathorst, in Lyell, ‘ Antiquity of Man,’ 4th edit. p. 262. 
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and fast barrier between one fauna and another, and cannot be said 
to define the close of one geological period and the beginning of 
another. 


Discussion. 


The PresipEnt called attention to the variation in the skulls of 
living musk-sheep, connected with sex and age. 

Prof. Prestwich expressed some doubts as to whether Prof. 
Dawkins had established satisfactorily the fact that the specimen had 
come from the Forest-bed. It was found, not in the Forest-bed 
itself, but at Trimingham, four miles from Cromer, and where 
mammalian remains abound from more recent deposits. Hence, 
he thought that the geological horizon of the fossil was not proved. 
As regards the occurrence of Ovibos in the Thames valley, it was a 
wide question as to whether the beds at Crayford were Preglacial. 
For his part he did not see how these could be separated from others 
at Grays and elsewhere, which were pretty certainly Postglacial. 

Mr. J. Evans said that, in the case of a dredged fossil, strong 
evidence as to the locality was needed. However, he saw no reason 
why the animal should not be Preglacial. Still he did not think that 
the Crayford-bed could be safely regarded as Preglacial. The im- 
plements of human origin which had been found there were flakes 
such as hitherto had not been attributed to the very earliest paleo- 
lithic type. At Green Street Green, also, Ovibos had been found 
with implements which seem most probably Postglacial. Man might 
have migrated with Ovibos ; but it would be singular if in so long 
an interval of time there had been no change in his weapons. 

Prof. Borp Dawxiys said the specimen was brought by fishermen 
to Mr. Buxton. He had no information that it was dredged. From 
the physical character and the matrix he thought it a Forest-bed 
specimen. As regards the age of the Crayford deposits, he was 
unable to agree with the speakers. The Crayford deposits had no 
erratics ; the ordinary gravels of the Thames—at Maidenhead, for 
instance—had. As regards the supposed interval of time between 
the Preglacial and Postglacial type of River-drift man, he thought 
that the wide extent of the type over India, the Mediterranean 
shores, Europe, and even America, proved a long existence in time. 
River-drift man probably arrived in Europe prior to the Glacial 
epoch. 
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33. Nores on a Cottxction of Fosstis and of Rocx-spuctmens from 
Wesr AusTratia, north of the GascoyNE RivER. By W. H. 
Hunpursron, Esq., M.A., F.G.8. (Read June 6, 1883.) 


[Pars XXII] 


Tuts collection was made by Mr. Forrest, the colonial surveyor, and 
forwarded by him together with the accompanying map to Sir Charles 
Nicholson, by whom the specimens were placed in the bands of Dr. 
Gwyn Jeffreys for determination. Dr. Jeffreys brought the parcel 
over to the apartments of the Geological Society, and it was suggested 
that I should undertake to examine and report upon them. Being 
quite unaware that the whole of the fossils were palzeozoic, including 
several species of Polyzoa and Actinozoa, | somewhat rashly under- 
took a task which, as regards the paleontology, it would have been 
impossible for me to have fulfilled, but for the kind assistance of 
Professor Morris and Mr. Robert Etheridge, junior, to both of whom 
my acknowledgments and best thanks are due. 

It will scarcely be necessary to refer in detail to the literature of 
Australian geology on the-present occasion. <A full list of all the 
works bearing on the subject is be found in the catalogue by 
Messrs. Etheridge and Jack, whilst the former gentleman’s catalogue 
of Australian fossils, published at the Cambridge University Press 
in 1878, is indispensable to any one who takes up this question. 
There are two works, however, that may be specially mentioned, 
viz., Strzelecki’s ‘ New South Wales’ &c., with notes on the fauna 
by Lonsdale and Morris, published in 1845, and De Koninck’s 
‘ Recherches sur les fossiles paléozoiques de la Nouvelle Galles du 
Sud,’ published in 1876-7. The Quarterly Journal of the Society 
contains a most important and interesting paper by the late Mr. 
Daintree on the geology of Queensland *, together with Mr. Ethe- 
ridge’s valuable appendix on the fossils, chiefly Mollusca. This 
appendix has been supplemented by a paper read before the Roaly 
Physical Society of Edinburgh, by Mr. R. Etheridge, junior (Feb. 
1880), on a collection of fossils, also Mollusca, from the Bowen-river 
Coal-field in Northern Queensland, and further by the joint paper of 
Messrs. Nicholson and Etheridge on Paleozoic Corals from Northern 
Queensland f. 

Very little seems to have been written of late years on the 
subject of West Australia; the latest notice I can find in the Soci- 
ety’s Journal is a short paper t by Mr. F. T. Gregory communicated 
in 1861, wherein the author refers to a geological map and sections 
presented to the Society as far back as 1847§. It thus appears that 
the Society is already in possession of important information regarding 

* Vol. xxviii, p. 271, with appendix by Etheridge, p. 317. 
t+ Ann. & Mag. Nat. Hist. ser. 5, vol. iv. p. 265 et seq. 


t Quart. Journ. Geol, Soc. vol. xvii. p. 475. 
§ See Quart. Journ. Geol. Soe. vol. iv. p. 142. 
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Fig. 1. Sketch-Map of the basin of the Gascoyne River, West Austraha. 


(Abridged and reduced from Mr. Forrest's map showing pastoral leases between the Murchison and Ashburton rivers.) 
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The numbers indicate the positions where the specimens were obtained. 
The dotted line shows the approximate position of Mr. Gregory’s section. 
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the geology of West Australia as far north as the Gascoyne river 
in latitude 25°S. 

Speaking of the Darling Range and the country to the eastward, 
Mr. Gregory says that the principal portion of West Australia 
consists of an undulating table-land of syenitic granite, which has a 
western face rising abruptly from a plain of small elevation to a 
height of from 800 to 1200 feet above the level of the sea, gradually 
ascending, for 200 miles to the eastwards, to 1400 or 1600 feet, and 
even as high as 2000 feet. Two diagrammatic sections were given, 
one, about 40 miles in length, in latitude 32° 8., where the edge of 
the syenitic granite is about 20 miles from the coast. The erystal- 
line rock, which in this latitude forms the western edge of the 
Darling range, is represented as being penetrated by numerous 
‘‘ dykes ” of ‘ serpentine,” porphyry, and quartz. 

The second seetion is about 200 miles in length from west to cast, 
and may be said to include the entire valley of the Gascoyne river, 
in latitude 25° S., from its sources to the sea. From this section we 
learn that the outcrop of the crystalline rocks in this more northern 
region is about 90 miles from the coast, instead of 20 miles, as was 
the case on the more southern parallel, and furthermore that there is 
no such abrupt rise as occurs immediately to the east of the Swan 
river, in the higher latitude. On the contrary we learn that about 
the confluence of the Lyons and Gascoyne rivers, a very consider- 
able thickness of palzeozoic rocks reposes, as it were, on the flanks of 
the crystalline group, and thus serves to moderate the sharpness of 
the declivity. Annexed is a copy of Mr. Gregory’s second section 
(fig. 2, p. 585). 

The paper and sections by Mr. Gregory must, then, be regarded . 
as having laid the foundation of West Australian geology south of 
the parallel of the Gascoyne river, and, indeed, fully up to that 
river, whilst the collecting of Mr. Forrest, the present surveyor, has 
been limited to the regions upon, and to the north of, the Gascoyne 
river; as indicated in the map which accompanies this report. 
Beyond the fact that he has discovered a range, or, more properly 
speaking perhaps, a sort of continuous outcrop, trending N.N.W. for 
nearly 150 miles, which has yielded an interesting suite of Carbo- 
niferous fossils, there does not seem to have been any noteworthy 
discovery *. This fact, however, is in itself one of considerable im- 
portance, as it places the existence of a large sweep of Carboni- 
ferous rocks beyond the possibility of a doubt; whilst, owing to the 
poverty of the collection exhibited by Mr. Gregory, which only con- 
tained one coral (referred to Cyathophyllum), two or three species of 
Spirifer and Productus, and a few Encrinital stems brought from 
the Irwin river along with coal, the age of the coal-bearing beds of 
that river had even been questioned. Moreover, as will be seen 
subsequently, the Forrest collection is extremely interesting from a 


* Tn his letter to Sir Charles Nicholson, dated Perth, Nov. 4, 1882, he speaks 
of having collected many fossils, some of which he had forwarded to Hngland. 
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Fig. 2.— Diagrammatic Section across a part of Western Austraha, in lat, 26° 15' S. (Length about 200 miles.) 


From Mr. Gregory’s paper in Quart. Journ. Geol. Soc. vol. xvii. p. 477. 
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paleontological point of view, and affords a further testimony to the 
extent and importance of the Carboniferous formation on the Austra- 
han continent. 

Rock-specomens.—A few small rock-specimens accompany Mr. 
Forrest’s collection ; and as he has been careful to mark the localities 
on the accompanying map, it would have been possible to make a 
sort of guess as to the nature of some of the formations even without 
the aid of Mr. Gregory’s section. The specimens collected by Mr. 
Forrest, being for the most part from the basin of the Gascoyne 
river, enable us to test, as it were, Mr. Gregory’s section, which, on 
the whole, they seem to confirm. 

Subjoined is a brief description of the more important rock-speci- 
mens, with references to the localities whose petrology they are 
intended to illustrate. 

The character of No. 1 may be gathered from the numerous fossils as 
well as from the small rock-specimen so labelled. We thus arrive 
at the conclusion that the ‘‘ Range containing fossils” is, in the 
main, composed, of a limestone-grit varied by sandstones and flagey 
micaceous grits. Some of the fossil casts occur as a ferruginous 
fine-grained sandstone without lime, and sometimes as a dark 
hornstone or chert. Some of the Fenestelle occur in a flagey 
calcitic limestone which is tolerably pure. The corals also are 
calcareous, and the interior of the tubes filled with calcite. 

No. 2. There are three specimens with this label. One is the 
cast of an Orthis in a ferruginous fine-grained sandstone. The 
others are flaggy, fine-grained, and somewhat micaceous sandstones 
without a trace of carbonates. On turning to the map, we perceive 
that these specimens come from the 8.E. side of the Kennedy Range, 
facing the junction of the Lyons and Gascoyne rivers. Thus it is 
not improbable that here also is a sandstone formation homotaxially 
Carboniferous. The higher portions of this range are marked as 
possibly Cretaceous in Mr. Gregory’s section. 

No. 7. This lot comes next according to topographical arrange- 
ment. The specimens are derived from the opposite side of the 
Lyons river; between it, in fact, and the southern prolongation of 
the ‘‘ Range containing Fossils.” One is a soft, grey, micaceous, 
- flagey sandstone, and the other a dark grey, micaceous shale, with 
markings which may be fucoidal. I think that No. 7 represents 
the detached summit, immediately east of the Lyons river, marked 
e in Mr. Gregory’s section, and according to that section a Cretaceous 
outlier. 

No. 3 is from the east side of the “ Range containing Fossils,” 
between it and the northerly bend of the Gascoyne River, about the 
position where the crystalline rocks are first shown as coming to the 
surface in Mr. Gregory’ssection. Accordingly we find this specimen 
to be a coarsely crystalline aggregate of silvery mica with quartz, 
the rock being stained pinkish in places from oxidation of iron in 
the mica. Itis the most highly crystalline of all the rock-speci- 
mens. Those under the label Wo. 4 are varieties of quartz, some 
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with pyrites. This exposure would seem to represent the granitic 
rise of the more southern parallel to which allusion has (already 
been made. 

Nos. 5 & 6. On either side of the next great bend of the Gascoyne 
river, and about 40 miles to the eastward of the last-noted exposure, 
are two hills, one on either side of the stream, known as Mt. 
Steere and Mt. James; the latter is marked in Mr. Gregory’s section 
as about 2000 feet high, and as composed of metamorphic rock resting 
on ‘‘granite” pierced by dykes. It is represented by specimens 
No. 6 of Mr. Forrest’s collection. One of these is a whitish quartzite 
or quartzose grit with a little mica and many specks and small 
crystals of magnetite. The second specimen is a very quartzose 
micaceous schist, or gneiss, similarly speckled with magnetite. These 
would seem to belong to Mr. Gregory’s metamorphic rock indicated 
in his section by the symbol z. On the other hand the rock of Mt. 
Steere, Vo. 5 of the collection, is a schistose mixture of quartz and 
kaolin (?), and may be regarded as belonging to the more highly 
crystalline series. Vo. 8, from Mt. Packford, is simply concre- 
tionary carbonate of lime. 

Sixty miles further east, and beyond the highest sources of the 
Gascoyne, is a hill marked Mt. Clere. No. 9, from this place, is a 
close-grained flaggy quartz-grit of a dun colour, which must be 
regarded as forming part of a sedimentary series but little altered in 
the direction of crystallization. Forty miles due north of this, at 
the head waters of the Lyons river, occurs a rock, No. 11 a, which 
may be described as a sort of yellowish grey phyllade. No. 10, from 
this district, is an opaque white chalcedony rust-coloured on the 
exterior, and No. 11} is opal. 

Quite in another direction, Vo. 12 is a kind of white flint. The 
beds from which this is derived may possibly be in the line of the 
prolongation of Mt. Kennedy Range. 

Palcontology.—There are afew forms of doubtful nature to which 
no further allusion need be made. The Actinozoa are very fairly 
represented. Indeed, considering that only one doubtful Cyatho- 
phyllum was known previously from West Australia, the Forrest 
collection may be regarded as rather rich in this respect, and the 
specimens are free from matrix and nicely weathered, so that the 
characters can be made out fairly well. Of the rugose corals (Zoan- 
tharia rugosa) there are several specimens of what is, in all pro- 
bability, a new species of Amplewus; one specimen of an Amplexus 
which is probably British, but new to Australia; and one specimen 
of a Zaphrentis, which may be new. 

Amongst the group of corals, if, indeed, they are corals, which 
used to be called “tabulate,” are several specimens of a branching 
form of Stenopora, which is probably identical with Stenopora tas- 
maniensis, Lonsdale. 

All the above fossils are Carboniferous or closely allied to Car- 
boniferous forms; but there is Just one specimen of the Favositide, 
which has a Devonian look about it. Indeed this specimen might 
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almost be taken for the well-known Favosites polymorpha, which 
now figures as Pachypora cervicorms in correct lists of fossils. The 
above species has been quoted as occurring in the Lower Devonian 
of the Macleary river. This is the only trace of a thoroughly Devo- — 
nian fossil in the whole collection. Ifreally collected from the same 
beds as the others, its presence is somewhat singular. I can scarcely 
believe it to have been remanié from lower beds. 

Portions of crinoidal stems are numerous in the collection ; these 
probably belong to Poterrocrinus and Cyathocrinus. Along with 
these are many single “jomts” and smaller fragments occurring 
together with pieces of Polyzoa, &c., in the matrix of the larger 
fossils, forcibly reminding one of the contents of Carboniferous rocks 
at home. 

The Polyzoa also are well represented ; and besides forms hitherto 
recognized as abundant in Australia, are others whose allies must 
be sought in America. There are two species of the very curious 
genus Hvactinopora, only known hitherto, so far as I am aware, 
in the Lower Carboniferous of the Mississippi valley. Besides these 
are several specimens of Fenestella plebera, common in the Carboni- 
ferous Limestone of Ireland, and quoted from nearly every Carboni- 
ferous locality in Australia. One of the many varieties of Protore- 
tapora (Lenestella) ampla is also met with in the collection ; of this 
there are two specimens. 

The improvement in the list of Brachiopoda is not so great as in 
the lower forms of life just quoted ; but Mr. Gregory’s list is confirmed 
and strengthened. In Mr. Forrest’s collection there occur one species 
of Athyris, four species of Spirifer, of which two belong to the 
alate group, and two species of Productus, one of which may be a 
Strophalosia. ‘These are all from the “ Range containing fossils,” 
and there is a cast of an Orthis? from station No. 2, in all eight 
species of Brachiopoda. 

Here, again, the whole facies is strongly Carboniferous, as will be 
seen on referring to the table of fossils, though one or two species, 
which have a ercatt range both in time and space, are common to the 
Carboniferous and Devonian. 

The Conchifera are represented solely by Aviculopecten, of which 
there are two species. The specimen of A. dlawarensis is very fine. 
This fossil has a considerable amount of adherent matrix, consisting 
of a coarse red marly quartz-grit full of crinoidal fragments and of 
Polyzoa. Two fragmental casts of A. lomeformis occur in a brown, 
ferruginous, fine-grained sandstone. 


of the coal-bearing beds on the Irwin river, in lat. 29° 8, and on 
the Fitzgerald river, in lat. 34° 8, which were regarded by Mr. 
Etheridge as of Mesozoic age*, it is at least satisfactory to know 
that a thoroughly Carboniferous fauna occurs in the “ Range con- 


* See “ Description of the Palaozoic and Mesozoic Fossils of Queensland. 
Quart. Journ. Geol. Soe. vol. xxviii. p. 320. 
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taining Fossils,” which extends for so many miles towards the tropic, 
north of the Gascoyne river. No outcrops of coal appear to have 
been discovered; otherwise the Surveyor would surely have found 
room for a specimen in his collection. But where there is such an 
extensive range bearing Carboniferous fossils, coal-seams of that age 
may reasonably be expected somewhere along its flanks. 

It may be worth noting that the Carboniferous beds of Queensland 
commence in lat. 26° §, and extend with some interruption almost to 
lat. 20° 8, on the Bowen river. Thus the latitudes on the east side 
of the Australian continent, corresponding with the position of the 
*‘ Range containing Fossils,” are just those which possess the great 
development of Carboniferous beds described by the late Mr. Dain- 
tree*, who tells us that “ whilst the affinities of the southern coal- 
field of Queensland are Mesozoic, a northern field of even larger 
extent has a distinct fauna, more resembling the Paleozoic Car- 
boniferous of Kurope.” He further states that in the lower strata 
Producti, Spiriferw, &ec., of true Carboniferous age, are associated 
with imperfect forms of plants resembling the G'lossopteris, Peco- 
pteris, &c., of the upper portion of the series. Numerous outcrops 
of coal had even then been noted in the group; but up to 1872 
no commercial use had been made of them, owing to the difficulties 
of carriage. 

Having drawn certain inferences from what there is in Mr. 
Forrest’s collection, it may be permitted, though with more hesita- 
tion, to draw certain inferences from what there is not. It should 
be specially noted that no specimens of granite have been brought, 
so that the crystalline rocks are represented by schists such as num- 
bers 3 and 5. 

If the small rock-specimens are a fair sample of the country, 
it is evident that quartzose matter largely preponderates in the 
crystalline, subcrystalline, and plain sedimentary groups, whilst 
both opal and chalcedonic silica are not scarce. Notwithstand- 
ing the number of fossils limestone does not seem to be very cha- 
racteristic of the district, and volcanic rocks are entirely absent. 

With regard to the paleontological evidence, the only trace of a 
truly Devonian fossil is the Pachypora, which so. much resembles 
P. cervicornis (Favosites polymorpha). On the other hand, although 
it is the fashion to speak of the Australian Carboniferous as Permo- 
Carboniferous, it may be well to remember that the representatives 
and nearest relatives of the species occurring in the Fossil Range, 
are found in the Lower rather than in the Upper Carboniferous of 
other countries. That the rocks of the Fossil Range are homotax- 
ialiy Carboniferous there can be no doubt, whatever may be their 
place in time; and it does not seem necessary to suppose such a 
development of Permian beds, distinct from the Carboniferous, as is 
shown in Mr. Gregory's section. 


* Loc. cit. swpra. 
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APPENDIX. 


Subjoined is a list of the fossils, with remarks on some of the 
species. 


Inst of determinable Fossils from the Forrest Collection *. 


ACTINOZOA. A | B 
Zoantharia rugosa. 
1. Amplexus pustulosus, sp. 1 ............008 Be 
2. P MOMUlOSIS AP HHGDS) | secciss. «cent 1 
3. . Zap leeaits, S)..4: ter see area ceeeheaene 1 
‘ Tabulata” (Favositide). 
Aw (Pa chy Ord Pas paler nes Bere cin cose l 
t5. Stenopora tasmaniensis, Lonsdale ...... oe Ne 
EcHINODERMATA. 


6. Poteriocrinus, sp.| fragments of  f{ 
7. Cyathocrinus, sp.{ stemsonly | Saale 


POLYZOA. 

8. Evactinopora crucialis, sp. n. ..........-. i 

a: Gendroidea, Sp. Mic cicciscs canes: oe Pl 
in : in a very cal- 
t10. Fenestella plebeia, MeCoy ...........02.. 3 { carecteeeen 
tll. Protoretipora ampla, Lonsdale ......... ee ee 

Mouuusca. 
Brachiopoda. 

T12. Athyris Royssti,-Levedlé ..............066 3 
fl. Spirier striatus, Martin ..0:..s005..00cees ZA 

14, ,» ef: crassus, KOninGh:..cx.osssces.000 I 1 
115. ——- vespertilio, G. Sowerby ............ 1 
TAG: , ef. convolutus, Phillips ............ 1 
+17. Productus, cf. brachytherus, G. Sowerby| 1 

LS) === or Strophalosiags pe. cx. lsc ..es8secu 1 

: 1 k- 
LO MOrthisscmecies.(ast)iu. ote... koenceeeiee cece lees Ve aon ccs 
Lamellibranchiata (Monomyaria) 
+20. Aviculopecten illawarensis, Morris ...... i 
21. Timavetornnis, MO7zTIS: yo. .co- +000, «olga i 
28 | 17 |1 


N.B. In the accompanying remarks on the apparently new forms, 
it should be distinctly understood that I regard the specific names 
chosen as merely provisional. It became necessary to do something 


* Column “ A” denotes the number of specimens of each species marked “ 1,” 
and believed to be derived from “ Fossil Range” north of the Lyons river- 

Column “ B” denotes the number of specimens of each species now marxed, 
but stated to come from “Fossil Range” near the junction of the Gascoyne 
and Lyons rivers, lat. 25° S. 

iP pete thus marked are quoted in Mr. Etheridge’s Catalogue of Australian 
fossils. 
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with these new fossils, and accordingly I have done the best I could 
under the circumstances. Paleozoic Corals and Polyzoa can only be 
adequately described by those who have made the subject their 
especial study. 


1, AMPLEXUS PUSTULOsUS, sp. n. Plate XXIII. figs. la, 16, le. 


There are five specimens of a somewhat rugged Ampleaus with broad 
septa, which cannot be referred to either of the two species of this 
genus hitherto recognized as Australian. Of these species Amplexus 
arundinaceus was first described by Lonsdale from a specimen in 
black limestone ; but this is im such an imperfect state as to make a 
very bad type * for comparison. However, the septa of A. arundina- 
ceus are finer and more numerous, and it is pretty evident that there 
is no reason for De Koninck’s suggestion f that it approaches Za- 
phrentis cylindrica, Scouler. Certainly the transverse section of the 
British-Museum specimen, bad as it 1s, would not lead one to sup- 
pose that the septa were continuous to the centre. 

Amplexus pustulosus has more affinity with A. Selwyn, De Ko- 
ninck ft, both in external form and in the size and number of the 
septa. In De Koninck’s figure no epitheca is shown; but in the 
text the author speaks of it as being very fine; and no mention is 
made of any excrescences, such as form one of the distinguishing 
features of the species now under consideration. Moreover, the 
septa are probably rather more numerous in De Koninck’s fossil. 

Similar processes have been noted, though rarely, in other species 
of Amplexus. For instance De Koninck describes A. iacrymosus § 
from the Carboniferous Limestone of the neighbourhood of Dinant, 
which has pustules like tear-drops. Curiously enough, he remarks 
that it has analogy with A. arundinaceus, “from which it differs 
principally by its spiniform appendages.” 

The corallum of Amplexus pustulosus is moderately large and 
slightly curved. The epitheca is of varying thickness in the different 
specimens, according to the state of preservation, and is furnished 
at rare intervals with processes which probably supported spines, 
but which in their present condition, greatly resemble pustules||. 
In a specimen about one inch in diameter, the number of septa is 42 ; 
they are slightly less in width than the intercostal spaces, and ad- 
vance well towards the axis. All the three specimens figured have 
been more or less squeezed out of shape. 


2. AmpLexus, cf. NopuLosus. Phillips, Pal. Foss. of Cornwall, p. 8; 
De Koninck, Nouv. Rech. Terr: Carb. Belg. p. 74, pl. vi. fig. 5. 


* The type is in the British Museum, and no better specimen has been seen 

by me. 
4 Foss. Pal. Nouv. Galles du Sud, 1877, pt. 3, p. 149. 

{ Op. cit. p. 73, Atlas, t. 2. fig. 2. 

§ Nouv. Rech. Terr. Carb. Belg. p. 76, pl. vi. fig. 7. 

| See figure 1 a. Lest any one should be disposed to find a mare’s-nest, it 
may be as well to draw attention to the resemblance which certain crinoidal 
fragments adhering to the epitheca and the matrix present to these pustules. 
Both are shown upon the figure. 
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Genus Srewopora, Lonsdale, 1844. 


In a very able article which has recently appeared in the ‘Annals 
of Natural History’ *, on Paleozoic Corals from Northern Queensland, 
Messrs Nicholson and Etheridge contend that Lonsdale’s genus is a 
good one and worthy of being retained. They admit that, in trans- 
verse section, across a branch, for instance, the axial corallites are 
seen to differ in no essential feature of their structure from those 
of Monticulipora or Favosites. The tubes in this portion of the 
corallum are regularly polygonal, and are certainly, as a rule, in 
close contact. But in what they call tangential sections, taken a 
little below the surface, the characteristic feature of Stenopora 1s 
made manifest. Here it is possible to observe the periodical thick- 
ening which produces the annulations of the tubes in their outer 
portions 7. 

In Count Strzelecki’s work Mr. Lonsdale supplements his dia- 
gnosis, and describes four species which are figured in plate viii. 
Two of these are branching forms, viz., Stenopora tasmaniensis, 
and Stenopora ovata§. In the latter species those portions of the 
tubes tangential to the axis are very closely annulated, as is shown 
in the enlargement (fig. 3a of pl. viii. in Strzelecki’s work). The 
original specimen is in the British Museum, and testifies to the 
accurate drawing of Mr. J. de C. Sowerby. It is just weathered 
enough to display the internal structure, and in this way the close 
annulations of the “ horizontal” portions are admirably displayed. 


3. STENOPORA TASMANIENSIS, Lonsdale, 1844; Darwin’s Geol. Obs. 
Vole. Islands, p. 161 (1844); Strzelecki’s Phys. Dese. N.S. 
Wales, p. 268, t. 8. fig. 2 (1845). 


There are four fragments in Mr. Forrest’s collection belonging to 
a branching coral; the branches are subcylindrical, and were pro- 
bably variously inclined or contorted ; tubes more or less divergent ; 
mouths slightly oval, indications of successive narrowing in each 
tube uncertain. 

This agrees only moderately well with Lonsdale’s description of 
S. tasmaniensis as given by Strzelecki, though on the whole these 
specimens have a considerable degree of resemblance to the figure 
in the plate. Since there is no specimen of S. tasmaniensis in the © 
British Museum, actual comparison has not been practicable. I 
have failed to detect any accumulation or successive thickening either 
in the natural sections, or in those that have been cut, though a more 
practised eye might be able to do so. 

It should be observed that Lonsdale himself merely says that 


* Ser. 5, vol. iv. pp. 265 e¢ seq. 

+ Lonsdale’s diagnosis of Stenopora concludes as follows :—“ Corallites poly- 
gonal, thin-walled, and more or less completely in contact in the centre of the 
branches; but in the outer curved portion of their course, more or less cylin- 
drical, and annulated by periodical ring-shaped thickenings” &c. 

¢{ Physical Description of New South Wales, pp. 262 ef seq. 

§ De Koninck made these species synonyms of Chetetes twmidus, and sub- 
sequently, having shown the existence of mural pores or perforations in 8. 
ovata, he has referred it to the genus Favosites. Nich. and Hth. loc, cit. 
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“several casts of a racemose Stenopora were noticed in the collection 
[Count Strzelecki’s] examined, but that they did not admit of com- 
plete identification.” It is highly probable that Mr. Forrest’s speci- 
mens belong to the species to which allusion is thus made. 


Genus Evactrrnopora, Meek and Worthen, 1865 *. 


This genus was instituted for the reception of certain peculiar 
forms, which are, perhaps, more nearly polyzoan than actinozvan, 
but which are not very easy to understand. The following is the 
generic diagnosis :— 

“‘ Polyzoum free ? consisting of afew large, more or less thickened 
and solid calcareous plates or lamine, radiating from an imaginary 
vertical axis, so as to present, in transverse section, a star-shaped or 
cruciform outline. Rays thickest and most dense on the under and 
outer edges; thinner and penetrated on either side by the pores 
within ; each apparently divided along the middle by a thin lamina 
separating the inner ends of the pores of the opposite sides ; substance 
showing in transverse sections a more or less laminated structure, the 
lamine being arranged parallel to the planes of the rays. Pores 
small, regularly arranged in quincunx, and separated by spaces 
equalling or exceeding their breadth.” 

Three species are described and figured from the Lower Carbo- 
niferous of Illinois and Iowa. The authors allude to the possibility 
of Hvactinopora being the same as Conodictywm of Munster’. 


4, EVACTINOPORA CRUCIALIS, sp. 0. Plate XXIII. figs. 2a, 26, 2c. 


Somewhat similar to Meek and Worthen’s Evactinopora grandis 
(op. cit. p. 503, pl. 15. fig. 2, 2a, 26), this one differs principally in 
the arrangement of the pores on the flanks of the rays. As may be 
seen in the enlargement of one of the rays (fig. 2c), the pores or 
tubulated terminations leave quite a blank space or callus. This 
peculiarity completely disturbs the symmetry of the quincuncial 
arrangement, whilst the pores themselves, as a sort of compensation 
for being thrust out, are larger in immediate contiguity with these 
blank spaces. 

The rays are four in number, as in “vactinopora grandis, and 
‘arranged in the form of a cross; the entire polyzoarium is very much 
smaller, but this may be merely a question of age. The laminated 
structure, mentioned in the diagnosis of the genus as being parallel 
to the rays, is remarkably well shown by the artist both in the cross 
section presented by the presumed base of the compound organism 
(fig. 2 a), and still better in the fracture-face of the fourth ray, en- 
larged (fig. 2c). It is very evident that weathering developes and 
perhaps exaggerates this structure. 

The specimen figured is the only one in the Forrest collection that 
can, with any certainty, be referred to this species. 


* Proc. Acad. Nat. Sci. Philad. 1865, p. 165. Meek & Worthen, Geol. Sur- 
vey, Illinois, vol. iii. p. 501. 

+ Goldf. i. 108, pl. xxxvii. fig. 1; cf also D’Archiac, Mém. Soc. Géol. France, 
vol. v. p. 369, pl. 25. fig. 1 (Conipera eladiformis). 
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5. EVAcTINOPORA DENDROIDEA, sp.n. Plate XXIII. figs. 3a, 30, 
36, dd. . 


In this species the development is dendroid rather than cruciform, 
the rays or branches being cylindrical to ovate, and even flattened ; 
whilst the arrangement is possibly triradiate, if we are to regard 
the specimen fig. 3a as an original centre or nucleus. The other 
specimen figured (figs. 36, 3c, 3d) is believed to be a branch from a 
similar nucleus, and is in avery good state of preservation. All the 
external peculiarities with respect to the pores and the blank spaces 
are common to this and the previous species, and a very large series 
might possibly show connecting links. Still this form would seem 
to be triradiate rather than quadriradiate, the rays usually, though 
not always, having a tendency to be cylindrical. 

A weathered fracture in the second specimen (fig. 36) gives a 
good axial section, which has been enlarged (fig. 3 ¢), but not enough, 
perhaps, to show the very complex tubular structure, though the 
lamination mentioned with reference to the previous species is very 
conspicuous. Indeed the lamination is so brusque that it very much 
interferes with a correct understanding of the relations between the 
very fine axial tubes and the larger lateral ones. A study of this 
specimen seems to indicate that the laminated portion of the general 
structure is confined to the region of the large lateral tubes, as the 
central portion is free from lamination and in a somewhat different 
mineral condition. Owing to unequal development, this ray is 
very unsymmetrical in this portion of its course, and thus where 
there is a fresh manifestation of the fine vertical tubing, the absence 
of lamination again coincides. Whether this has any structural sig- 
nificance it is impossible to say. 

The transverse section (fig. 3d) of this same branch, or ray, shows 
us the tubular systems from a different point of view; whilst the 
laminar structure is much less apparent. Here we obtain a good view 
of the division along the middle by the “thin lamina separating the 
inner ends of the pores of the opposite sides,” the central axis, as it 
were, of the ray or branch. The relation of the axial or vertical 
tubes to the lateral ones is never to be made out in these transverse 
sections; but we learn that the larger tubes are sparingly tabulate*, 
and we also perceive unequally developed zones of the small tubes 
at intervals in the more external portions, which are, I suppose, 
connected in some way with the growth of the stock. 

There are two other specimens in the collection which may belong 


here?. 


* Dr. G. J. Hinde has drawn my attention to the circumstance that in 
Nicholson’s work on the Monticuliporide forms are depicted which, as 
regards their internal structure, are not unlike Hvactincpora. At page 88, 
Heterodictya, an undoubted polyzoan, is shown to have well-developed tabulz. 

+ In the Mém. Soe. Géol. France, 2 sér. t. 2, pt. 1, there is a paper by M. 
D’ Archiac on fossils from the Nummuline beds of the neighbourhood of Bayonne, 
in which he describes, under the name of Gwettardia Thiolati (p. 197, pl. v. fig. 
15, and pl. viii. figs. 5, 6, 7), an organism somewhat resemblirg this. He re- 
fers it to Michelin’s genus Gwettardia, which is generally regarded as a sponge. 


IL. 
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6. FENESTELLA PLEBEIA, M‘Coy, 1844. 


Fenestella plebeca, M‘Coy, Synop. Carb. Foss. Ireland, p. 203, 
t. 29. fig. 3 (1844). 

Fenestella fossula, Lonsdale, Darwin’s Geol. Obs. Vole. Isl. 
p-. 166 (1844). 

fenestella fossula, Lonsd. in Strzelecki, p. 269, t. 9. fig. 1 (1845). 

Besides three well-preserved fragments of this world-wide species, 
there are numerous indications of it in connexion with other fossils. 


Genus Prororetipora, De Koninck *, 1877. 
7. Prororerrpora (FENESTELLA) ampLA, Lonsdale, 1844. 


Fenestella ampla, Lonsdale in Darwin’s Vole. Isl. p. 163 (1844). 

Fenestella ampla, Lonsd. in Strzelecki, p. 268, t. 9. figs. 3a-d 
(1845). 

There are two specimens in the Forrest collection. 

Mr. Etheridge, junior, remarks that the group is subject to great 
variation, being very abundant in what he calls the Permo-Carbo- 
niferous of Australia, and fining down through infinite gradations to 
a smaller mesh. 


EXPLANATION OF PLATE XXIII. 
Fig. la. Compressed specimen of Amplexus pustulosus, n. sp., showing the 

tubercles on the epitheca. Nat. size. 

1. A smaller specimen, also compressed, having the epitheca partly 
removed. Nat. size. 

lc. Transverse section of a third fragment, also pressed out of shape. 

2a. Under side of Hvactinopora crucialis, sp.n. Nat. size. 

2 6. Upper side of same specimen. Nat. size. 

2c. Do., flank view, magnified 23 times. 

3a. Triradiate nucleus of Hvactinopora dendroidea, sp.n. Nat. size. 

36. Branch of another specimen of H. dendroidea. Nat. size. 

3c. Portion of ditto, showing an axial section, xX 2 diam. 

3d. Transverse section of ditto (slice on glass), x 3 diam. 


Discussion. 


Prof. Bory Dawxtns pointed out the similarity of the sequence in 
Western Australia with that long ago established as occurring in 
Eastern Australia. 

Mr. J. C. Crawrorp pointed out the fact that, though Carbo- 
niferous rocks occur in West Australia, there is no coal yet known 
there; and referred to the difficulty of deciding as to the age of the 
coal of Australia. 

The Avrnor, in reply, stated that the coals of Australia appeared 
to be of two different ages, Paleozoic and Mesozoic. There is no 
proof of the presence of Devonian strata in Western Australia. 


* Foss. Pal. Nouv.-Galles du Sud. pt. 3, p, 178. 
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34. On the Retative AcxEs of Curtain River-vattnys in Lincoin- 
soire. By A. J. Juxes-Browne, Esq., B.A., F.G.8. Com- 
municated by permission of the Director-General of the Geolo- 
gical Survey. (Read June 20, 1883.) 


INTRODUCTION. 


In a country which is traversed by a series of escarpments or 
hill-ranges, the valleys by which its drainage is effected are usually 
separable into two sets or systems, one parallel to the strike of the 
ridges, and the other more or less at right angles to the same. The 
origin of these longitudinal and transverse valleys, and the process 
by which escarpments have been intersected by river-valleys, were 
first explained by Mr. Jukes*. He showed also that in the case 
of a river cutting through a ridge or escarpment, and receiving 
tributaries from the longitudinal valleys which are parallel to this 
ridge, the primary or first-formed stream is that opposite to the 
breach in the escarpment, and that the longitudinal branches, 
though often of much greater length than this primary stream, 
are really of secondary or subsequent origin. 

Stated in general terms, his theory amounts to this, that the 
original direction of all rivers which cut through ridges was de- 
termined by the general slope of the ancient surface over which 
they began to run, and that when the slope was transverse to the 
strike of the beds, the channels cut by the earliest rivers necessarily 
had a similar transverse direction, while the channels in the longi- 
tudinal valleys were formed subsequently and concurrently with the 
development of the ridges or escarpments. 

A further corollary to this may, I think, be considered as 
generally true, viz., that those portions of a river-valley which 
intersect the same ridge date from the same epoch of time; and 
that rivers flowing between the same two parallel ridges came into 
existence at the same time. 

It does not follow, however, that the channels of all the primary 
transverse streams were permanently maintained ; the extension of 
a longitudinal tributary may intercept the drainage of minor 
transverse streams. Thus in fig. 1, A, B, ©, are three transverse 
streams, each of which originally ran across the ridge DR as in- 
dicated by the dotted continuations of B and C; but the extension 
of the tributary T has intercepted the waters of B and C. 

Jukes, writing of the river-valleys in the south of Ireland, ex- 
presses this as followst:—“ The longitudinal valley may even be 
worn back across the course of many minor transverse streams, and 
deflect their waters down its course.” He also observes that ‘ to 


* Quart. Journ. Geol. Soe. vol. xviii. p. 878 (1862). 
t Manual of Geology, 3rd ed. p. 456 (1872). 
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whatever extent these longitudinal valleys might proceed, none of 


the waters coming down them could ever cross the lowest original 
transverse valley that was formed by the little primary river ; 


” and 
he points out that the river Blackwater has never crossed the 
primary transverse channel which runs southward from Cappoquin 
in Waterford, and never could do so unless something happened to 


cut a channel lower down the remainder of the longitudinal valley 
to Dungarvan Bay, and deeper than the channel already cut down 
to Youghal Bay. 


Fig. 1.—Diagram of a Stream intercepting earlier Transverse 
Streams. 
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To suppose the possibility of such a channel being formed, in any 
case was entirely outside the scope of Jukes’s argument ; butthe sequel 
will show that it is worth while considering this possibility, and 


such a channel. 


calculating the results which would follow from the developinent of 


Fig. 2.—Diagram of probable changes in the Valley of 
the Blackwater. 
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Suppose, therefore, that a small stream ran into Dungarvan Bay as 
at S in fig. 2, and that while the valley of the Blackwater was ex- 
é 5 


tending itself westward from Cappoquin, the valley of the stream S 


was also extending itself westward from the coast 


It is clear that 
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the base-level to which the stream would cut down at its mouth, 8, 
would be much lower than the bottom of the Blackwater valley at 
C; and just as the Blackwater may have intercepted and diverted 
certain transverse streams to the westward, so might the stream § 
have intercepted the waters of the main river at C. In this process 
the detritive action of rain in lowering the retreating watershed (W) 
would be as much concerned as the action of the stream in eroding 
its channel and transporting detritus; and the whole process would 
form part of the gradual development of the longitudinal valley in 
the manner explained by Jukes. Eventually the watershed W might 
be so lowered that the difference of level between the Blackwater at 
C and the upper tributaries of the stream § might be very slight ; 
and during a time of flood the waters of the main river might force 
a way into the channels of these tributaries. When once this diversion 
was effected, the river would not be likely to regain its former 
course through the narrow gorge at V, which would be ultimately 
converted into a dry pass or gap through the ridge ; and the channel 
of the Blackwater would be confined to the longitudinal valley north 
of the Drum ridge, and would appear as a river running from west 
to east and emptying itself into the sea at Dungarvan Bay. 

The final result, therefore, of the whole process might have been 
this, that the course of all the transverse streams which originally 
crossed the Drum ridge from north to south, might have been di- 
verted into the longitudinal valley, and so have been converted into 
one continuous river flowing from beginning to end in this longi- 
tudinal valley from west to east. At the same time the volume of 
water in the original valley of the Blackwater south of the Drum 
ridge would be very greatly diminished, owing to the great con- 
traction of its drainage-area by the diversion of its upper tributaries. 
I have no doubt that a very good reason can be found why this 
last diversion did not happen in the case of the Blackwater; but 
what local conditions prevented from happening in that case may 
have happened in other cases, and I have only used the instance of 
the Blackwater in order to make my meaning clear. 

I will now, therefore, state in general terms the special thesis 
which I hope to establish in the following pages. Wherever a 
succession of escarpments and intervening longitudinal valleys has 
been developed out of a surface of marine denudation, and a river 
crosses any one of the longitudinal valleys which happens to stretch 
to the sea-coast, then this transverse river is liable to interception 
and diversion by the backward extension of a stream flowing down 
the longitudinal valley into the sea or into a tidal estuary. 

In considering the possibility of such an occurrence it must be 
remembered that most escarpments have an inclination in the 
direction of their strike, and that their base-line often has a decided 
slope from a given point inland towards their termination at the 
sea ; in such cases the intervening valleys have a general slope in 
the same direction. It is only under such conditions that the inter- 
cepting stream could come into existence, and that it could extend 
itself up the longitudinal valley far encugh to intercept the inland 
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and previously established course of a transverse stream. I now 
proceed to describe two cases in which I believe such an inter- 
ception has taken place. 


Tur Catcesy AND StTeEEPING Brcxs In LINCOLNSHIRE. 


Relative Position of their Valicys.—The tract of country which is 
drained by these two streams lies at the southern extremity of the 
Lincolnshire Wolds, which here consist of two nearly parallel ranges 
of hills, the eastern range being that of the Chalk Wold, the 
western consisting of Neocomian sandstones and clays capped by 
Boulder-clay. Between these two ranges lies the broad valley of 
the Steeping, which has been cut down through the Neocomian 
strata into the underlying Kimmeridge Clay ; while the chalk range 
is completely severed into two portions or masses by a deep and 
narrow valley which gives passage to the Calceby Beck. The latter 
is therefore a transverse valley, and the former a longitudinal one ; 
but their relation to one another is not that which ordinarily exists 
between transverse and longitudinal valleys. The stream in the 
longitudinal valley is not a tributary of the other, but flows away 
from it, and the upper part of its valley lies at a lower level than 
the adjoining part of the transverse valley. 

The transverse valley is thus abruptly truncated and cut off from 
receiving the brooks rising on the high ground to the westward, 
which would naturally drain into it, but for the interposition of the 
longitudinal valley of the Steeping. It is difficult, therefore, to 
understand how the transverse valley could have originated, if the 
former configuration of the district was at all similar to that which 
it now presents. 

Both streams now rise in the neighbourhood of Tetford, a village 
about eight miles south of Louth. The Calceby Beck has its sources 
among the hills east of that village, the numerous springs which 
issue from the base of the Chalk forming several small brooks which 
unite below the small hamlet of Calceby, and thence flow north-east- 
ward to South Thoresby. Near Calceby it also receives the water 
of a tributary from the N.W. flowing in a longitudinal valley, which 
has a much greater length than any of those which unite at the 
head of the main valley. 

Another tributary comes in near South Thoresby, and springs 
swell its volume near Belleau, where the stream emerges into the 
broad undulating plain of Boulder-clay which intervenes between 
the chalk hills and the marshes along the coast. Through this 
plain the river pursues its north-easterly course in a shallow valley 
past Claythorpe and Withern, where it passes into the marshland, 
and is carried northward between raised banks to the sea-coast at 
Saltfleet. 

If we now turn to trace the course of the Steeping river, we find 
that its head waters are formed by a brook which rises near Belch- 
ford, and flows westerly through Tetford. The valley of this brook 
is continuous with the Ormsby valley, through which flows a 
tributary of the Calceby Beck; but the Tetford brook instead of 


Q.J.G.8. No. 156. 20 


—— eS 
=——— a 
———— 
———— eee 
SS ———— 
eS 
em Sha 


aS ee 
=-<-- = ——s = — 


a 


Pa Neer 

WW Chalky Boulder-clay. WW 
St = Great Steeping. 
er | \ Pariney: 


CERTAIN RIVER-VALLEYS IN LINCOLNSHIRE. 601 


pursuing what appears to be its natural course, turns southward at 
right angles, and passing through a narrow gorge, issues into the 
broad valley of the Steeping at Somersby. Three other tributaries 
descend from the high ridge above described on the western side of 
this valley; and another from the eastern side, which, like the 
Tetford brook, looks as if it had once flowed N.E. into the Calceby 
valley, but now turns southward through Harrington Carr into that 
of the Steeping. 

The united waters of these brooks flow south-eastwards by Saus- 
thorpe, Partney, and Ashby, receiving two more tributaries from 
the north, viz. the Langton and Skendleby Becks. At Ashby near 
Spilsby the stream turns southward, and passing between the villages 
of Great and Little Steeping, it enters the broad plain of the Fenland, 
and is conducted by a series of dykes to the outfall near Wainfleet. 
It is worthy of remark here that the entrance to the Steeping valley 
between Spilsby and Partney is very narrow compared with its 
breadth higher up and nearer its source. 

The peculiar relations of the Calceby and Steeping valleys at once 
suggest that the first has been excavated by streams flowing east- 
ward from the Neocomian hills, before the upper part of the Steeping 
valley had its present extension ; and that these streams, which were 
originally the head waters of the Calceby Beck, were, by the subse- 
quent formation of the Steeping valley, intercepted and diverted 
into that valley. 

Disposition of the Glacial Deposits.—This view of the relative 
ages of the two valleys receives strong confirmation from the dis- 
position of the glacial beds, and the extent to which they enter the 
two valleys. 

The eastern flank of the Chalk Weldsis bordered by a great mass 
of Boulder-clay, including beds of sand and gravel, and belonging 
to the series known as the Purple and Hessle Clays. These deposits 
are in many places from 60 to 80 feet thick, and are banked up 
against the chalk hills, sometimes sweeping over and resting on 
their tops. These clays and gravels enter many of the valleys 
which open eastward, but are totally absent from others which 
drain in the same direction, the natural inference being that the 
Boulder-clays are posterior to the excavation of some of the valleys 
and anterior to the erosion of the others. 

Now the valley of the Calceby Beck is largely occupied by these 
glacial accumulations; at its mouth between Bellean and South 
Thoresby the ancient bed of the valley is probably 50 or 60 feet 
below the present surface; and the glacial beds can be traced con- 
tinuously to the very head waters of the present stream, and far up 
the valleys of the two tributaries which come in from the N. W. 
A great mass of clay and gravel blocks up the space Where the 
ancient outlets of these two tributaries into the main valley appear 
to have been, so that the streams have been obliged to excavate 
deep and narrow channels through the solid Chalk on either side of 
this massive obstruction. Up the Ormsby valley Boulder-clay can 
be traced along one side of the park, and then gives place to a wide 
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spread of gravel, sand and Joam, which forms an open plain between 
Ormsby Park and Tetford, the glacial age of the whole being proved 
by an intercalated patch of Boulder-clay near the western end of the 
deposit and beyond the present sources of the Calceby Beck. 

It appears therefore that the Calceby and Ormsby valleys are 
choked up with glacial deposits, and that the present beck has not 
been able to excavate its channel down to the bed of the ancient 
river by which the valley was originally formed. 

If we now turn to the Steeping valley we find that the Boulder- 
clays sweep round the southern end of the Chalk Wolds into the 
bay-like entrance of this valley, and extend in a narrow tongue far 
up the tributary valley of the Skendleby Beck, which comes in from 
the northward. Beyond the village of Partney, however, about a 
mile above the point where the Skendleby Beck enters the main 
valley, not a trace of glacial clay or gravel is to be found; the 
Boulder-clay terminates abruptly at this point, and not the smallest 
remnant exists further up the main valley or in any of its other 
tributaries to indicate that it ever had any further extension. This 
limit is only about two miles distant from a line drawn across the 
mouth of the valley from Halton to Candlesby. 

The ancient outlet of the Skendleby Beck is buried beneath the 
glacial deposits *, and is doubtless at a much lower level than the 
present bed of the Steeping river. This stream has excavated a 
channel through the western edge of the Boulder-clay, and down to 
the underlying Kimmeridge Clay, being evidently turned aside by 
the great mass of the Boulder-clay which fills up the bay-like entrance 
to the valley. 

It is worthy of remark in this connexion that the gravels here 
intercalated between the upper and lower sheets of Boulder-clay 
have yielded an abundance of mammalian remains. 

From the termination of the Boulder-clay near Partney to the 
furthest point at which the Kimmeridge Clay is exposed, viz. near 
Salmonby, is a distance of seven miles; it would appear therefore 
that the Lower Neocomian sandstone has been stripped off the 
Kimmeridge Clay throughout the whole of this distance during the 
time which has elapsed since the formation of these Boulder-clays ; 
that is to say, the greater part of the Steeping valley is entirely 
of Postglacial origin. On the other hand the whole of the Calceby 
valley was formed before the accumulation of the Purple and Hessle 
Clays f. ia 

Mode in which the Steeping Valley was formed.—l have already 
mentioned that the valley of the Tetford Beck is really continuous 
with that of the Ormsby Beck, the intermediate portion being a 


* See Quart. Journ. Geol. Soe. vol. xxxv. p. 403. 

t Mr. 8. V. Wood makes a great distinction between these clays, and even 
excludes the so-called Hessle Clay from the Glacial series altogether. I have 
not been able to detect any sign of unconformity between them, but on the con- 
trary believe that they are parts of one continuous series, though I am still in 
doubt as to the exact relations of this red and purple series to the Chalky 
Boulder-clay. 
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broad plain between two of the steep hill-ridges into which the 
chalk escarpment is here cut up. This plain now forms the water- 
shed between the Calceby and Steeping valleys ; its centre is occupied 
by a broad strip of peat and alluvium, the western end of which 
drains into the Tetford Beck and the eastern end into the Ormsby 
Beck. This plain only exists because the ancient valley is choked 
up with glacial sand and gravel; and it is perfectly clear that if 
these accumulations were removed, the Tetford brook would continue 
its easterly course into the Ormsby brook, and so into the Calceby 
valley. Indeed, the strip of alluvium indicates that this was the 
course of the brook up to a very recent period (geologically speaking), 
and that it was only deserted when an easier exit was found by 
the present channel. 

The cause of this diversion now remains to be considered, but is 
not far to seek. he broad ridge of Neocomian sandstone which 
lies to the south of Tetford is traversed by a deep and narrow trench, 
and through this the brook now escapes from the upper plain, and 
descends to the lower level of the Steeping valley. It could not 
have done this until the spring-heads of the Steeping had receded 
to their present position. 

It is must probable that this trench was originally formed by a 
small tributary of the Tetford brook, draining the district to the 
southward and running northward to join it below Tetford. The 
drainage-basin of this tributary was gradually invaded aud sapped 
by the recession of the spring-heads on its southern border, until 
it ceased to convey any water into the Tetford valley and its northern 
portion would remain as a dry trench. As the combined action of 
rain and springs carried the head of the Steeping valley further and 
further back, they worked down to a lower base-line than thst of 
the Tetford valley, and the Kimmeridge Clay was gradually bared 
along the course of this dry trench. The strong springs which now 
issue from the base of the sandstone in this trench near Somersby, 
show how the work was done. Eventually when the country had 
assumed its present configuration, and probably when the Tettord 
brook happened to be in flood, the waters overflowed from the Tet- 
‘ford valley along this trench into that of the Steeping; and when 
this communication was once established it would be maintained, 
because, being cut down to a lower base-line, the fall along the new 
channel is much greater than that along the old one. 

If this was the manner in which the Tetford brook became part 
of the Steeping-river system, it is very likely that other streams 
may originally have drained into the Calceby valley, and have been 
diverted in the same manner. 

The breadth of the valley in which Brinkhill stands, its occupa- 
tion by sand and gravel which is continuous with the drift of the 
Calceby valley, and its abrupt termination, are all facts suggestive 
of its once having had a longer extension to the south-west. In all 
probability the beck which rises near Warden Hill, and now flows 
southward through Harrington Carr, was originally a tributary of 
a stream flowing N. E. down the Brinkhill valley into the Calceby 
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Beck. Its diversion into the Steeping valley may have been effected 
in exactly the same way as that of the Tetford brook. 

Before the diversion of the Tetford brook the extreme sources of 
the Steeping river would be at Salmonby; and before the diversion 
of the last-mentioned brook, the sources of the Steeping were pro- 
bably near Stainsby ; and atsome still earlier period, all the streams 
draining the country north of the ridge on which Hagworthingham 
stands, ran north-eastward into the Calceby valley. 

The mapping of the district by myself and Mr. Strahan, leads us 
to conclude that before the oldest Boulder-clay was laid down, the 
chalk escarpment occupied a more westerly position, and the line of 
the Steeping valley was occupied by the broad outcrop of the Middle 
Neocomian clay, with valleys opening south-westwards and drained 
by brooks running in that direction. On this surface the so-called 
Chalky Boulder-clay was deposited, and was probably banked up 
to the then edge of the Wold escarpment, as is the case further 
north. When detritive agencies began to operate on this district 
the rain which ran southwards would find a line of weakness 
along the junction of the Boulder-clay with the Wold scarp. A 
valley opening southward, or south-eastward, would in process of 
time be excavated along this line, just as the upper valley of the 
Bain has been formed under similar conditions. Its bottom for a 
considerable distance would be formed by the Middle Neocomian 
clay, and it would be some time before the Lower Neocomian sand- 
stone would be bared to any great extent above the position of 
Partney. It is not unlikely that the beck coming down from Lang- 
ton and Sutterby, and joining the Steeping at Partney, may indicate 
the course of this line of drainage. The Skendleby Beck was clearly 
also in existence at this time, and the united streams would doubt- 
less flow south-east to the coast-line wherever that was. 

As, however, the work of pluvial detrition went on, and a larger 
and larger area of the Lower Sandstone became exposed, a great 
proportion of the rainfall woulda be absorbed by the sandstone, and 
thrown out from its base in the form of springs. This would 
necessarily introduce a new element among the agencies of erosion, 
and the combined action of rain and springs would cause the valley’ 
to be extended in a north-westerly direction along the strike of the 
sandstone, far more rapidly than in any other direction. 

Under these circumstances there is nothing improbable in the 
hypothesis that the whole of the present valley from Partney to 
Salmonby has been excavated in Postglacial times, and that, being 
eut back along a lower base-line, the Steeping river has gradually 
intercepted the drainage of a district which was once a part of the 
Calceby-beck system. 

This therefore appears to be a case in which the extension of.a 
longitudinal valley has intercepted and diverted the course of certain 
streams which originally flowed imto a transverse valley, and has 
entirely altered the drainage-system of a considerable district. 

The conclusions to which I have been ied by a prolonged study 
oi this part of Lincolnshire are opposed to those of Mr. 8. V. Wood 
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on almost every point which he has raised in his recent memoir*. 
Relinguishing his older opinions regarding the formation of Boulder- 
clays, he has adopted the theory of their terrestrial origin, and finds 
evidence of a theoretical ice-cap where other eyes can only see the 
results of ordinary rain- and river-erosion. He even goes so far as 
to doubt the capacity of certain rivers to make their own valleys, and 
does not believe that the rivers of Lincolnshire or Kast Anglia “‘ had 
anything to do with the excavation” of the valleys in which they 
flow. He prefers to attribute the excavation of these valleys to the 
rush of waters produced by the melting of a mass of ice on the top 
of the chalk escarpment in Lincoln and Norfolk. 

To any one familiar with the work of rain and rivers such an idea 
must seem highly improbabie, and to any one who can visit the valley 
of the Steeping, and will note the wonderful series of dales, 
combes, and hollows which have been fretted out of the edge of the 
Lower Neocomian sandstone, and which are so evidently due to 
the action of rain and springs, Mr. Wood’s hypothesis must seem 
extremely unlikely and utterly unnecessary. A mere inspection of 
the Geological Survey map, in fact, will afford sufficient grounds 
for deciding between the two explanations. 

Mr. 8. V. Wood confuses the two distinct valleys of the Bain 
and Steeping with the general trough-line in which they lie, and 
which he calls the Bain-Steeping trough. Now there is nothing 
remarkable about this trough ; it is merely the re-excavation of the 
Preglacial scarp-foot, and has been widened into a trough by the 
recession of the chalk escarpment on the one side and the edge of 
the Boulder-clay on the other side, this widening being due to the 
agency of rain and springs, and having been in progress ever since 
the formation of the Boulder-clay. In that portion of the trough 
which lies between the valleys of the Bain and Steeping there is a 
floor of Middle Neocomian clay stretching continuously from side 
to side; but the Steeping valley is a hollow within the trough, and 
is cut down through the Lower Neocomian sandstone, and into 
the Kimmeridge Clay. 

Mr. Searles Wood ‘has noticed the limitation of the so-called 
Hessle Clay to the entrance of the Steeping valley, but does not offer 
any explanation of this peculiar portion, merely remarking that if 
the clay were an aqueous accumulation it should stretch up the 
valley to the levels which it reaches elsewhere+. I am still of 
opinion that the Hessle Clay is a marine accumulation, and offer 
the simple explanation that at the time when the clay was formed, 
the upper part of the valley in question had no existence. Accor- 
ding to my view the formation of the Hessle Clay took place at au 
early epoch in the history of the valley, and when its excavation 
had not proceeded farther than the first stage described on p. 604, 
its entrance as far as Partney being an open bay, into which the 
Langton and Skendleby Becks emptied themselves. 

If Mr. Wood’s views regarding the age and origin of the Steeping 


* Quart. Journ. Geol. Soc. vol. xxxiv. p. 457, and vol. xxxviii. p. 667 (1882). 
Tt Quart. Journ. Geol. Soc. vol. xxxviii. p. 715. 
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valley be admitted, the absence of the Hessle beds is apparently an 
inexplicable fact; for, whether these beds have been accumulated 
under aqueous or terrestrial conditions, it 1s equally surprising that 
no trace of them should occur in this valley (if it was then in 
existence) when they extend so far up the adjoining Calceby 
valley. 

What therefore is such a puzzle on Mr. 8. V. Wood’s hypothesis, 
is but a necessay consequence of my postulate that the longitudinal 
valley is of later date than the transverse valley. I may therefore 
reasonably regard the position of the Hessle Clay in the Steeping 
valley as a confirmation of my belief that the whole of that valley 
above Partney has been excavated in Postglacial times, 7. ¢. since 
the formation of the Hessle Clay, which I regard as the uppermost 
member of the Glacial series. 


TRENT AND WiITHAM VALLEYS. 


Modern Course of the Trent.—This river is formed by the union of 
several streams, of which the most important are the Trent, the Dove, 
and the Derwent, flowing from the north-west off the Derbyshire 
and North Staffordshire watershed, the Tame and the Soar flowing 
from the south through the counties of Warwick and Leicester. 
These streams converge towards a point about ten miles 8.8.E. of 
Derby, their united waters being known as the river Trent, which 
flows onward in a north-easterly direction through a well-marked 
valley as far as Newark. 

Here, however, the river bends to the northward, keeping to the 
west side of the low Rhetic escarpment, as if it had not been able 
to cross that comparatively slight obstruction. This northerly course 
it maintains till it reaches the estuary of the Humber. 

Now the course of the Trent as far as Newark favours the 
supposition * that it was determined by the westerly slope of a 
plane of marine denudation across the edges of the Lower Jurassic 
strata; but if so, and if it had ever flowed over a surface of Oolitic 
rocks, why did it not continue this course so as to run in a 
transverse valley through the Oolitic escarpment and into the 
Wash instead of into the Humber? 

It is a significant fact that if the general course of the Trent, south- 
west of Newark, be prolonged to the N.E., it points to the great 
gap in the Oolitic escarpment at Lincoln, through which the river 
Witham now flows. If this transverse gap or gorge be considered 
only in relation to the small river which runs through it, the 
manner of its origin is altogether inexplicable ; but if good grounds 
can be shown for supposing that the river Trent formerly . passed 
through it, the existence of such a gap is satisfactorily accounted for. 

Moreover the anomaly in the present course of the Trent is 
likewise explained, if it can be shown that the northerly bend of 
that river is a subsequent diversion and not its original course. 


* Ramsay, Phys. Geogr. and Geol. of Gt. Britain, ed. v. p. 518. 
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Ancient Gravels of the Trent.—The width of the valley within 
which the Trent flows from Nottingham to Newark is remarkably 
even and uniform, the gravels and alluvium taken together forming a 
long straight tract with a breadth of from 14 to2 miles. Throughout 
this portion of its valley the river has a tendency to impinge upon 
its right bank, so that the higher and older gravels occur chiefly 
along the north-western side of the valley, and appear to lie 
entirely within the bounding slope of the valley on that side. By 
the Lowdham and Thurgarton stations on the Nottingham and 
Lincoln railway these gravels form a continuous terrace, which 
slopes gently down to the modern alluvium of the Trent. 

Near Newark, however, the relations between the older gravels 
and the modern valleys begin to change; they are found on the 
eastern bank and stretch away from the river south of Newark and 
Beacon Hill, forming a continuous tract of gravel-covered country, 
which extends in a north-easterly direction between the modern 
valleys of the Trent and Witham. From Coddington, near Newark, 
the tract passes by Stapleford and Thurlby Moors to Swinderby, and 
thence it is continued on either side of the Midland Railway as far 
as Boultham near Lincoln, and only a mile from the entrance to the 
transverse valley through the Oolitic escarpment. 

To Mr. Penning, who began to map these gravels from the 
Lincoln end in 1878, belongs the credit of suggesting that they 
represent the ancient course of the Trent ; and he would doubtless 
have brought the subject before the notice of the Society, had not 
ill health obliged him to leave England and afterwards to resign 
his post on the Geological Survey. 

It is also interesting to note that the Trent was joined by a 
powerful tributary from the south just before it reached the Oolitic 
escarpment. The proof of this statement is to be found in a clearly 
defined tract of gravel which stretches for many miles over the Lias 
plain below the Oolitic escarpment. This stream appears to have 
had its source among the hills near Belvoir Castle, where the small 
river Devon now rises; we may therefore consider this as the 
course of the ancient Devon, which then ran northward to join the 
Trent, just as the modern Brant joins the Witham near Aubourn. 
The Brant, indeed, may be regarded as the attenuated represen- 
tative of this ancient Devon. 

This line of gravel is traversed by the modern channel of the 
Witham between Hougham and Westborough, about six miles N.W. 
of Grantham, but continues northward along the ground between 
the present valleys of the Witham and the Brant as far as Aubourn, 
where it is again cut through by the Witham. Small patches, how- 
ever, still remain near South Hykeham, on the northern side of the 
Witham valley, and lead on to the wide spread of sand and gravel 
by North Hykeham and Boultham, already mentioned as part of the 
Trent gravels. 

This long tract of river-gravel is in every respect comparable to 
those which I have elsewhere described as existing in Cambridge- 
shire, and which so clearly connect themselves with the ancient 
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lines of drainage proceeding from the chalk escarpment. Mr. 8. V. 
Wood has recently accounted for these in a very different way, and 
imputes to me the extraordinary postulate that I suppose a river to 
be capable of converting the centre of its bed into a hill*. My 
sections are simply illustrative of the fact that the general surface of 
the country has been so lowered by the action of rain and rivers 
since the time when the drainage was diverted from these old 
channels, that the gravels of the older rivers now form ridges with 
slopes on both sides; but if one of these ridges is traced towards the 
hill country, it gradually comes to occupy the position of a terrace 
lying on one slope of a valley side. 

In the case of these old Devon gravels, the Witham on the one 
side and the Brant on the other have cut down to lower levels, and 
left the gravels of the ancient Devon on the top of the intervening 
ridge. 

Strong confirmatory evidence, almost amounting to proof, of the 
hypothesis that the Trent once flowed through the Lincoln gap, is 
furnished by the composition of the gravels which occur on the 
western side of the strip of Fenland that forms the modern continua- 
tion of the valley. These gravels will be described in the Geological 
Survey Memoir on Sheet 83; but the point of interest in connexion 
with my present subject is that they are largely made up of rounded 
pebbles of quartzite, hornstone, and other old rocks, which have 
evidently been derived from the Triassic pebble-beds of the west. 

The presence of these pebbles in such large quantities on the 
eastern side of the Oolitic escarpment, and in gravels which border 
the Witham valley, seems inexplicable except on the hypothesis of 
their having been brought by the Trent through the gap at Lincoln. 

There is, therefore, every reason to believe that in early Post- 
glacial times the Trent flowed along the course above indicated from 
Newark to Lincoln, and from Lincoln south-eastward to the Fenland, 
which was then probably an open bay. It remains then to indicate 
the causes which seem to have operated in diverting the river from 
the ancient course to its present channel. 

Diversion of the Trent.—The Humber flows in a transverse valley, 
which has been cut down to a lower base-line than the Witham 
valley at Lincoln ; and the rivers which flow into it have always been 
able to keep the passage open. Consequently the longitudinal valley 
formed along the tract of soft Keuper marls has continually ex- 
tended itself southward, and the river in this valley must also have 
shifted its channel continually eastward, as the escarpment of the 
Rheetics receded, and the Humber valley was cut down to lower and 
lower levels. 

The river running northward along this valley would be supplied 
by the brooks flowing from the west and draining the tract of 
Bunter sandstones, and has ultimately developed into the river 
Idle, which now rises near Mansfield, and pursues a north-easterly 
course parallel to that of the Trent. 

I assume, therefore, that when the Trent ran vid the Lincoln 

* Quart. Journ, Geol. Soc. vol. xxxviii. p. 673. 
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valley to the Wash, the Idle ran vid the present Trent valley north 
of Gainsborough to the Humber. The watershed between the 
Trent and the Idle was then continuous, but was of course very low 
where it crossed the Keuper marls by Tuxford, Marnham, South 
Clifton, and Harby. 

The rills draining the northern slopes of this low watershed would 
naturally be collected into a stream running northwards along the 
valley subsequently usurped by the Trent, and falling into the Idle 
somewhere north of Gainsborough. In these early Postglacial times, 
the elevation of the land above the sea was probably higher by 
40 or 50 feet than it is now: the rivers consequently had a greater 
fall,and erosion went on much more rapidly over the whole surface 
of the country. The sources of this tributary of the Idle would be 
carried back further and further southward, and the longitudinal 
valley would be gradually extended and lowered until merely a low 
col separated its head-waters from the slopes of the valley in which 
the Trent was then running north-eastward to Lincoln. 

At this epoch in the history of the Trent, floods must have been 
of frequent occurrence in this particular portion of its valley, owing 
to the narrowness of the outlet at Lincoln; and the large extent of | 
ground covered by its ancient gravels between Newark and Lincoln 
testifies to the width of the area over which its flood-waters were 
able to spread. Under such conditions, therefore, and on some 
occasion when a large head of water was accumulated in the Trent 
valley, it is not unlikely that an overflow would take place by 
way of the low col leading into the aforesaid tributary of the Idle. 
Every flood would then deepen the passage until the full stream of 
the river found it easier to take this course than to maintain its 
former channel through the Lincoln gap. 

The exact situation of this col is of course difficult to fix, though 
some evidence may be obtained from the disposition of the gravels, 
when these are completely mapped. 

There is also some reason to believe that there has been a slight 
elevation of the high ground occupied by the outcrop of the Lower 
Oolites east of the great escarpment in Postglacial times. The 
valley in which Ancaster lies is a transverse cut through this high 
ground, and is paved with deposits of sand and gravel, which are 
continuous with those of the Witham valley north of Grantham ; and 
it appears probable that the Witham passed through this valley at 
the time when the Trent flowed through the Lincoln valley. 

Now, however, a low watershed crosses the Ancaster valley, just 
west of the town, throwing off the Honington Beck to the west, and 
the Sleaford Beck to the east; and this watershed occurs in the 
midst of a broad tract of stratified gravel, which must have been 
deposited there before the watershed was formed. 

Further, the section in the railway-cutting west of Ancaster 
station shows that the Lower Oolites (Lincolnshire Limestone and 
Lower Estuarine series) are here bent into a low and broad anti- 
clinal curve, the axis of which seems to strike nearly due north and 
south. 
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It would appear, therefore, that there has been an uplift across 
this ancient line of drainage in Postglacial lines, causing the 
Witham to turn westward and take its present course; and the in- 
fluence of the same uplift, if continued further north, may have 
contributed to divert the Trent from its original eastward course wid 
the Lincoln valley. 

Whether this, however, was the case or not, the diversion of the 
Trent could not have been effected unless a course had been already 
prepared for it by the action of streams in lowering the longitudinal 
valley south of Gainsborough. In comparing the two instances [ 
described of the diversion of an older stream by the extension of a 
longitudinal river-valley, the chief difference appears to be this:—In 
the first case, that of the Steeping and Calceby Becks, it was the 
upper tributaries of the latter which were diverted into the longi- 
tudinal valley ; while in the second case it was the main stream of 
the Trent which was so intercepted and diverted. 

I believe that the principles above enunciated and exemplified 
will explain the courses of certain other English rivers, and purpose 
recurring to the subject in a future paper. 


Discussion. 


Mr, Evans instanced the case of the Waveney and the Little Ouse 
once flowing from different sources, but now from one near Lopham 
Ford, the deposit of glacial clay in this instance also forming an 
element in the case. 


[ To face p. 611. 
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35. The Estuaries of the SEVERN and its TRIBUTARIES; an INQUIRY 
into the Natur and Ortern of their Tipat Sepiment and ALLU- 
viaL Frats. By Professor W.J.Sorzas, M.A., F.R.S.E., F.G.S., 
Fellow of St. John’s College, Cambridge. (Read June 6, 1883.) 


Te tidal channel of the Severn is notorious for its mud. At high 
tide it is filled with a sea of turbid water, thick and opaque with 
tawny-coloured sediment; as the tide ebbs a broad expanse of 
shining mud flats is revealed fringing the coast; but so like is the 
water to the mud that, seen from a distance, it is often hard to tell 
where the sea ends and the shore begins. It is the same with its 
tributaries, the Wye, the Usk, Ely, and Rhymney on the Welsh 
side, the Avon, Yeo, Parrot, and others on the English coast. 

The source of this mud has been made a subject of much dispute. 

That it is chiefly supplied by the rivers themselves to their re- 
spective estuaries might sound to geologists like an obvious truth ; 
but such is certainly not the opinion of those who have most closely 
inquired into the matter. Engineers like Mr. C. Richardson and 
Mr. Howard have long been of opinion that the sediment of the 
tidal Avon is furnished to it by the Severn; the like is asserted of 
the Parrot, and I do not think one stands in any fear of contradiction 
when stating as a general truth that all the estuaries opening into 
the Severn derive their mud at least immediately from the main 
channel. This being so, whence then has the Severn obtained it? 
The answers given to this inquiry by engineers are various: some 
attribute it to the sea, meaning, it is to be supposed, the mouth of 
the Bristol Channel ; some to the mud shoals of the estuary ; some to 
its bordering cliffs; and others to the fresh water of its tributary 
rivers. 

There is, no doubt, truth in all these opinions, and the only mistake 
lies in regarding them as mutually exclusive, or in assigning to any 
one source a larger share than its due. 

With regard to the fluctuating mud-banks in the channel, they 
have been deposited by the tidal water, and will in time be washed 
away again, and redeposited, and so on again and again. However 
obviously a source of mud, they are certainly a long way from 
being an ultimate source, and nothing is to be gained from their 
further consideration. 

With regard to the relative share contributed by the remaining 
agents, the view which geologists would take on general grounds is 
no doubt correct ; the rivers which discharge into the Severn estuary, 
draining, as they do, a catchment basin of 9193 square miles, are the 
chief sources of supply ; but that much is produced by the waves 
which wash the shores of the estuary, assisted, as they are, by sub- 
aerial agents, is also clear, and to this the cliffs of Penarth, Aust, and 
Portishead bear striking testimony. That the distant sea has contri- 
buted anything at all is not an idea likely at first sight to find much 
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favour ; yet I shall hope to show that it is one, at all events, supported 
by evidence of considerable weight. | 

When, however, all these sources have been admitted as genuine, 
there still remains one difficulty which has much exercised the minds 
of many painstaking observers. The Severn and its tributaries are 
not, except when flooded, very muddy rivers; the wash of the cliffs 
is not, as a rule, excessive ; the sea, if it furnishes anything, certainly 
cannot furnish much; and yet the vast body of estuarine water 
which extends from Weston to Portishead is never otherwise than a 
sea of more or less diluted mud*. 

The explanation of this hes in the fact that the water in the tidal 
portion of the Severn channel flows up and down twice daily 
at the rate of from 6 to 12 miles an hour, a velocity much greater 
than that required to move along large boulders of rocks. Water 
moving at this rate is far more likely to denude than to deposit 
material ; and indeed in certain parts of the Severn it is, by scouring 
along great masses of boulders, deepening the channel; and to its 
past action in this way the deep water known as the “shoots” is 
attributed by Mr. Richardson. 

In this rapidly moving body of water, the direction of which is 
reversed twice daily, the mud discharged by the rivers and washed 
from the beach accumulates, and from it sediment is supplied to all 
the tributary estuaries during flood tide; a sufficient diminution in 
the velocity of the current will of course be marked by the subsi- 
dence of sediment, and when the velocity sinks to zero sedimentation 
is copious. Such a cessation of movement appears to take place in 
the Avon during ebb tide, as Mr. W. R. Browne has well shown by 
a series of experiments made with an ingenious current-meter devised 
by my colleague Prof. H. 8. Shaw. I give Mr. Browne’s results in 
his own words ~ :—‘ In ordinary tidal channels, such as the Avon 
below Bristol, the course of events during an ebbseemsto beas follows. 
At first the slope of the surface is exceedingly small (in the Avon it 
was about 14 foot in 7; miles), and, while the velocity at the surface 
is considerable, it diminishes rapidly from thence downwards, and 
at some distance from the bottom becomes nil. This continues for 
about two thirds of the ebb, the surface-velocity increasing up to a 
certain point, and then becoming nearly constant. During all this 
time not only is no scour going on at the bottom, but, if the waters 
be muddy, an actual deposition of silt is taking: place. At this 
time, after about two thirds of the ebb, the water has fallen about 
three quarters of its total height, the slope of the strface has con- 
siderably increased, and the conditions approximate to those of an 
ordinary river. The bottom layers of the water then spring suddenly 
into motion, the surface-velocity diminishes steadily as the tidal waters 
disappear, until it assumes the normal rate of the low-water flow. 

* This expression is doubtless somewhat too strong. Actual experiments 
made in 1837, showed the presence of 5;%5 part, by weight, of sediment in the 
tidal water opposite Avonmouth, and st part on the opposite coast (B. A. 
Rep. Trans. of Sections, p. 76). Fresh determinations are doubtless needed. 


ft Proc. Inst. Civil Engineers, vol. lxvi. p. 1. To this valuable paper is 
appended the report of a no less valuable discussion. 
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During this period a scour of the bottom is of course going on ; but, 
as this velocity is not much higher than in the subsequent period of 
low-water flow, the rate of scour will not be much greater ; and the 
actual scour will be insufficient to compensate for the amount of deposit 
from the tidal waters which has taken place, not only during the 
period of high water, but also during the first two thirds of the ebb.. 
It must follow therefore that the scouring effect of the tide is little or 
nothing, and the observed incapacity of tidal flows to sweep away 
the silt they have deposited is amply and satisfactorily explained.” 

Though some of the silt in the tidal water may, as thus explained, 
stay behind in the estuaries themselves, yet the greater portion is 
carried seaward ; for, in addition to the oscillating movement of the 
tidal water, there is of course a discharge into the sea of as much 
water as the rivers bring down into the estuary, and this is probably 
accompanied by a transference to the sea of a corresponding quantity 
of suspended mud, so that the final resting-place of the sediment of 
the Severn is situated some distance out to sea. But between this 
quiet spot and the margin where the Severn meets the tide the sedi- 
ment is carried up and down, far and frequently, and it is not till 
many journeys are accomplished that it comes permanently to 
rest. 

Thus in the waters of the Severn estuary there is a storage of 
suspended sediment, the accumulation of as many days, or weeks, 
or months as are occupied in its wanderings to and fro. The accu- 
mulation is always being diminished by withdrawals seaward, and 
as constantly renewed by fresh accessions provided by the denuda- 
tion of the land. 

This is the whole explanation of the remarkable turbidity of the 
estuarine Severn. 

Microscopical Examination of the Tidal Mud.—With a view to 
throwing some additional light on the sources of the Severn silt, I 
have examined under the microscope specimens from a large number 
of localities on both sides of the Severn, including its tributaries ; 
thus Weston-super-mare, Penarth, Portishead, Avonmouth, and 
Gloucester are sufficiently far apart for the sampling of the Severn 
itself; Bridgewater served for the Parrot, Rhymney Bridge (near 
Cardiff) for the Rhymney, Newport, Mon., for the Usk, Chepstow for 
the Wye, and Rownham Ferry, near Bristol, for the Avon. 

The character of the mud from all these places is so similar that 
a description of one would serve for all the rest. 

The ingredients may be classed as mineral and organic; the 
former consist of :—a variable quantity of fine argillaceous granules, 
smal] angular fragments of colourless transparent quartz containing 
numerous minute included cavities, a few similar fragments of flint, 
siliceous fragments of a glauconitic green colour, minute crystals 
of quartz of the ordinary form, minute prisms of tourmaline, highly 
dichroic and similar in form to macroscopic prisms of schorl, and 
minute rhombohedra of calcite. 

The organic constituents are siliceous and calcareous, the latter 
include :—coccoliths and rarely coccospheres, both of the ordinary 
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cyatholith type so common in adjacent seas and in the Atlantic 
ooze; Foraminifera of various species, such as Miliola, which are 
usually small and scarcely if at all distinguishable from the young 
of Miliola obesa figured by Max Schultze (Org. der Polythalamien, 
plate ii.), Tevtularia, probably 7. variabilis, but more than one 
species is present, Vonionina crassula, Polystomella umbilicata, Rota- 
‘lia, sp., Spirillina, sp., and others, including some finely arenaceous 
forms; spicules of Alcyonaria rarely; fragments of HEchinoderm 
skeletons and minute spines ; and triradiate spicules of Calcisponges, 
probably derived from Sycandra ciliata and S. compressa. Most of 
the Foraminifera are quite empty, glassy and transparent; but some 
contain a brownish soft granular material; and in one instance a 
small Rotaline form was observed partially replaced by pyrites. 

The siliceous constituents are chiefly sponge-spicules, very rarely 
Radiolaria, and a variable quantity of Diatoms. The sponge-spicules 
are of very various forms and sizes. They include :—simple acerates, 
some smooth like those of Amorphina panicea, others entirely 
microspined, like those of Hymedesmia inflata; simple acuates; 
acuates with a pin-like head, some of which may have been derivedirom 
Cliona, and others from Suberitis ficus and other Suberites ; small 
acuates entirely microspined, similar to the echinating spicules of some 
species of Dictyocylindrus, and others similar to the smaller acuates 
of Microciona armata; large pin-headed acuates with the head only 
spined, similar to the large spicules of Aicrociona armata ; large 
trifid spicules with simple projecting rays, probably derived from a 
Geodine sponge; and others with expanded bifid rays somewhat 
similar to those of Hecionema ponderosa; Geodine globates and 
stellates of Tethya lyncuriwm ; in one instance a bihamate, such as 
might have come from Halichondria nornatus. Though many of the 
spicules are entire, the majority are mere fragments, little rod-like 
cylinders of very various lengths and thickness, perforated by an 
enlarged axial canal. 

From the inorganic constituents but little is to be learned, least of 
all from the mud; the fragments of quartz are more interesting, 
since precisely similar fragments abound in the tributary rivers 
of the estuary, viz. the Severn, Stratford Avon, and Bristol 
Avon; similar quartz grains, however, are common in the cliffs of 
Aust. 

By far the most remarkable constituents are the remains of or- 
ganisms; for these are all marine, and yet occur on the banks of 
rivers at a great distance from a truly marine area. 

Past experience has shown me that rivers sometimes bear to the 
sea considerable quantities of undissolved caleareous matter derived 
from the formations through which they flow; thus coecoliths and 
Foraminifera derived from the denudation of the chalk are always to 
be found floating in the water of the river Cam near Cambridge, 
and have in past times been deposited along with other sediment in 
its gravels, as, for instance, near Barnwell, a fact which has led me 
to suggest * that the cornstones of the Old Red Sandstone have 

* Quart. Journ. Geol. Soc. vol. xxxv. p. 492. 
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probably been formed from mechanical sediments derived from the 
denudation of Cambrian limestones, such as those of Bala and 
Hirnant. 

Hence in discussing the source of these constituents of the Severn 
ooze, three possibilities present themselves for investigation. The 
marine organisms may have been derived (i) from the older for- 
mations through which the Severn and its tributaries flow ; or (11) 
from the alluvial flats of its estuary ; or finally (111) from the coast of 
the Bristol Channel, where under trué marine conditions organisms 
which could furnish such structures as we have described are known 
to flourish abundantly. 

To commence with the first suggestion. Although it may seem 
improbable that the older formations should have furnished any 
considerable portion of the organic remains, yet to set the matter at 
rest, I visited the Severn and two of its tributaries, the Bristol and 
Stratford Avons (which seemed most likely sources, since they 
flow through Secondary formations), and obtained from them 
samples of mud at points above the limit of tidal influence. The 
locality selected on the Severn was about two miles above 
Worcester; on the Stratford Avon at Defford; and on the Bristol 
Avon, at Saltford and Keynsham. Im every sample sponge-spicules 
occuried pretty freely, but a close examination proved to a certainty 
that these were all fluviatile, and not marine; they not only agreed 
in size and shape with spicules of Spongilla fluviatilis, but were 
sometimes associated with the characteristic spicules of the stato- 
blasts, or even with the entire statoblast itself. This observation 
was interesting, as showing not only the entire absence of marine 
forms, but also a wider distribution of freshwater sponge-spicules than 
J had previously supposed. Not only were marine spicules absent, 
but there were also no traces of Foraminifera, coccoliths, or any other 
marine remains, such as are present in the tidal silt. Thus the 
rivers, as a possible source of these remains, are eliminated. 

The chief constituents of the silt at Worcester are fragments of 
quartz with some little flint ; at Defford similar fragments, together 
with rhombohedra of calcite, both separate and aggregated into 
masses like sugar candy, as well as Diatoms and spicules of Spongilla 
flmiatilis ; at Saltford also fragments of quartz containing minute 
cavities, minute crystals of quartz, some flint, occasional flakes of mica, 
many spicules of Spongilla fluviatilis, and Diatums. 

We have next to inquire into the second possibility, z.¢., the 
chance of derivation from the ancient alluvium of the Severn ; this 
is not so readily dismissed. The blue silt of the Severn alluvium is 
strikingly similar in all its characters to the modern ooze; it consists 
of a similar admixture of mud and angular siliceous fragments ; while 
marine sponge-spicules, Foraminifera, coccoliths, and other marine re- 
mains similar to those of the modern silt, are universally disseminated 
throughout its mass. ‘They occur in its upper portion where it forms 
the shore of the estuary, and on the surface of fields where it is tilled ; 
and they are just as plentiful deeper down, 15 or 20 feet below the 
surface, as in the new cutting for the railway to the Severn tuunel, 
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or even over 30 féet below, as in the new docks at Cardiff. Distant 
from the sea, as at Locking, 3 miles inland, they are not lessabundant 
than on its shores; and it is a point worth passing mention that 
the alluvium on which a part of the city of Bristol stands contains 
them equally with the rest. 

Thus, if the alluvium undergoes any considerable denudation, and 
so supplies sediment to the tidal waters, it cannot fail to furnish 
them at the same time with sponge-spicules and those other or- 
ganic remains already described. 

It is important then to inquire (i) whether the alluvium is under- 
going extensive denudation, and (i1) whether the organic débris in 
the recent silt has all those characters which it should possess if it 
is thence derived. 

The alluvium is certainly being denuded, and that partly by the 
numerous small ‘“renes” and “ pills’ which flow through it, and 
partly by the waves which fall along the coast. It has also been 
suggested that the scour of tidal waters must act powerfully on any 
alluvial tracts which may possibly form a part of the floor of the 
estuary. Whether these exist or not I do not know, and have no 
evidence for or against them. The denudation effected by the 
waves must be very inconsiderable, since a stone sea-wall extends 
along the greater part of the margin of the alluvium, and where it 
is absent, denudation does not as a rule take place; if it did, a 
stone wall would have been built for protection. To this rule there 
is, however, at least one exception known to me. ‘This is along the 
tract just north of Avonmouth: here the alluvial flat is cut into a 
line of low cliffs, which, owing to the tenacious homogeneous 
character of the deposit, present a curved profile of remarkable regu- 
larity ; a gentle slope at the base curves upwards till it attains ver- 
ticality just above middle height, and there bends outwards to end 
beneath a projecting cornice of grassy turf. 

The streams or “pills” certainly have some effect, first under- 
mining their banks, and then washing the mud resulting away out to 
the tide-way. 

We may then conclude that a nof inconsiderable, but undeter- 
mined, quantity of sediment containing minute fossils is contributed 
by the alluvial deposits to the estuarine water. It by no means 
follows, however, that the whole, or even the majority, of the or- 
ganic structures found in the estuary owe their origin to this 
source. ‘To the discussion of this point we next pass. 

In the first place, considering that the modern mud of the estuary 
is furnished chiefly by the river Severn and its tributaries, and only 
to a small extent by the banks of the estuary itself, one would ex- 
pect, were these the sole source of the organic remains, to find a 
much smaller quantity of them, relatively to the mineral constituents, 
in the modern than inthe ancient silt. This, however, is the reverse 
of being the case ; the organic remains are as plentiful in the one as in 
the other. Since the dilution, if one may so speak, of the ancient by 
the modern mud has no effect in reducing the relative quantity of 
organic remains present in the latter, one must couclude that a cer- 
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tain addition of these constituents is now being made from some 
other source, in order to maintain the proportion unchanged. 

In the next place, it is well known that siliceous sponge-spicules 
when left to the action of sea-water * slowly dissolve, the first signs 
of solution to make their appearance being usually an enlargement 
of the excessively fine canals which perforate them axially. The 
calcareous spicules of the Calcispongie are, as one might expect, but 
to a far greater extent than one would expect, more soluble than 
siliceous ones, and thus their preservation is exceedingly rare. 

The spicules which occur in the alluvium of the Severn, par- 
ticularly the broken ones, generally give marked evidence of this 
solution ; the canals of whole spicules are frequently, and of frag- 
ments always, obviously enlarged. An interesting difference in 
this respect is to be noticed between the spicules of the super- 
ficial alluvium at Avonmouth and that deeper seated, say at about 
12 feet from the surface, as in the cutting for the Severn tunnel ; 
those from the latter, having been exposed to solvent action for a 
much longer time than the former, are traversed by canals from 
1 to 4 of their diameter, sometimes more, so as to present us with mere 
shells or husks, though sometimes less; but the canals of those 
found near the surface are seldom as much as 1 of the diameter of 
the spicule, and often less. As, however, it is the superficial 
alluvium which is now in course of erosion by streams and waves, 
we may in considering the source of the spicules found in the tidal 
waters confine our attention exclusively to itt. With respect to 
the spicules now found in the tidal waters, one may as well state 
at once that they also show marked signs of solution, not quite 
to the same extent perhaps as the fragments found in the alluvium, 
although the difference is very slight. Entire uninjured spicules, un- 
touched by solution, are, on the whole, slightly commoner in the 
former. 

Admitting that there is very little difference in the average size 
of the canals of the spicules found in the superficial alluvium and 
those floating about in the estuary, one might still argue that had 
the latter been derived from the former, they should, making allow- 
ance for their additional soaking in the water, present us with 
larger canals. But this is certainly not the case, the difference, if 
any, being the other way: and thus one might conclude that the 
floating spicules have not been washed out of the alluvium. Con- 
sidering, however, the important conclusions which would follow 
such an admission, I shall not lay any stress on evidence of such a 
superfine nature, but prefer to adduce two sets of facts, which have 
the appearance of bringing the matter to a demonstration. The 


* Salt water is not necessary to this solution, as is shown by the fact that 
the spicules of Spongilla found in river-mud frequently exhibit greatly en- 
larged canals. 

t If, however, tracts of alluvium form part of the bed of the estuary, the 
tide must by this time have denuded down to the lower deposits, and the 
spicules derived from them would be those which have undergone extreme 
solution ; and as the spicules of the recent mud do not possess greatly enlarged 
canals, this source is excluded. 
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first is that calcareous spicules, which, being more amenable to 
solution, furnish a much more delicate test, do not occur in the 
alluvium, or, if so, very rarely, and then as broken and corroded 
fragments *; in the recent ooze, on the other hand, as on the mud- 
banks at Rownham Ferry, they are far from uncommon, frequently 
entire, even to the points, and always colourless, transparent, and 
glassy, as though only just shed from a decaying sponge. The 
next fact is, that at Portishead some spicules very similar to those 
of Isodictya cinerea were found in the sample of mud I had from 
that place, still closely associated, being entangled together in some 
kind of organic matter ; a fact easily explainedif they had only recently 
been washed away from a dead sponge, but well-nigh impossible of 
belief if we imagine them to have been washed out of the alluvium, 
_ where all animal matter must, one would think, have long since 
lost its coherence, and certainly its power of holding spicules 
together during a rough voyage. 

After a close examination of the recent silt and the ancient 
alluvium, and by reason of the facts just adduced, I feel convinced 
that the majority of the organic remains in the tidal waters have 
been brought from a different source from that offered by the alluvium. 
This is a conclusion to which, on general grounds, one would natu- 
rally incline; for the alluvium has, according to all evidence, been 
formed under just such conditions as prevail in the estuary at the 
present day, making some allowance for slight differences in level ; 
and the presence of spicules and other organic débris in it cannot 
be accounted for in a different manner from that adopted for the 
more recent deposits. 

Having estimated the influence of the alluvium, we next turn to 
the third possible, and the chief, sources of the organisms in the 
modern silt; this in all probability will likewise have been the 
source of the fossils in the alluvium. 

So far as can be determined from a careful examination of the 
coast, sponges do not grow anywhere so near Bristol on this side 
of the Channel as Portishead and Weston; Lynton, which is about 
60 miles away, is the nearest possible locality ; while Ilfracombe, 
about 15 miles further west, is well known as a rich collecting- 
ground for both siliceous and calcareous sponges and a host of other 
marine forms, including Sea Urchins and Starfish, which might well 
furnish the Echinoderm network and spines so frequent in the ooze. 
On the other side of the Channel one would need to go to Bridgend 
before meeting with much in the way of shore life, and I doubt, 
after a hasty visit to that locality, whether much would be found 
there ; a good deal farther west is Tenby, and no naturalist needs to 
be informed of the luxuriant growth of all kinds of marine animals, 
including sponges, to be met with there. 


* The strength of this argument is impaired by the fact that since writing 
the paragraph, I have found in the superficial alluvium near Weston-super- 
Mare, one or two triradiate calcareous spicules scarcely touched by solution. 
The question of the solubility of calcareous spicules evidently requires further 
investigation. 
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Hence it seems probable that the organisms which furnish the 
sponge-spicules, tests of Foraminifera, spines and other skeletal frag- 
ments of Echinodermata, and the rest, have their home along the 
coast of the Bristol Channel, from Ilfracombe to Lynmouth on the 
one side, and from Tenby for an unknown distance eastwards on the 
other; thence they or their débris, as they perish and decay, are 
swept away by the tidal current, which rushes up the Severn at the 
rate of from 6 to 12 miles an hour, and are so distributed both along 
its shores, even as far north as Gloucester, and to every tributary 
estuary which opens into it. On these shores, so remote from their 
source, some of these organic fragments find a permanent resting- 
place, and thus far inland we discover along a river-bank deposits 
containing marine remains. But those which stay are few com- 
pared to those which are washed away again and carried out to sea, 
there to be deposited in marine mud-banks, probably not far from 
their original home. 

As now, so in the past, the same process was in progress; but 
deposition inland took place on a larger scale, for the estuary of the 
Severn has for so long a time maintained unchanged its present ele- 
vation relatively to the sea-level that deposition along its banks is 
now exceptional and rare. Its alluvial flats are already built up, and 
are seldom added to; but in its main outlines the process by which 
they were formed is that which we witness at the present day. 

The Alluvial Flats—The great difference in conditions which ob- 
tained during the formation of the alluvial flats was a difference in 
level relatively to the sea. Ihere present a series of sections, some 
new, some borrowed from older sources, which will serve to illus- 
trate the general structure of these plains (figs. 1-10, p. 611). 

No. 1, Porlock, is constructed from Mr. Godwin-Austen’s well- 
known paper (Quart. Journ. Geol. Soc. vol. xxii. p. 3). The lower bed 
of peat marks an old forest-growth ; the upper peat-bed contains re- 
mains of the yellow Iris, a plant which appears to be common in all 
the peat-beds of the alluvium which I have had an opportunity of 
examining. 

No. 2, Bridgewater levels, is from Buckland and Conybeare 
(Trans. Geol. Soc. 2nd ser. vol. i. p. 310). 

No. 38, Huntworth, Bridgewater, is by W. Baker (Trans. Somer- 
set Archexol. & Nat. Hist. Soc. vol. i. p. 126). 

In the gravel-bed near the base remains of pottery are said to 
have been found; the peat is in two layers, a point worth noticing, 
since the upper part in No. 7 (New Passage) also exhibits in places 
a division into two layers, thus suggesting the occurrence vf some 
general change affecting the whole margin of the estuary, probably 
a double cessation of depression. 

No. 4, Huntsworth, Bridgewater, is by Mr. Poole (Quart. Journ. 
Geol. Soc. vol. xx. p. 118). 

The bed of gravel, nearly 8 feet from the surface, is interesting, 
as it appears to emphasize a change which affected the estuary 
generally, but 1s elsewhere not so well marked. 
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No. 5 is a section of a well now being sunk by the Psychical 
Society, close to the village of Locking, Weston-super-Mare. 

The uppermost half of the 14 feet of blue clay above the peat 
contains less argillaceous matter, and a larger proportion of angular 
siliceous fragments, than that below, which is also characterized by 
containing a good deal of decaying vegetable matter. The peat 
consists of various plant-remains, including leaves and roots of 
yellow flags and spores and mycelia of fungi, while its upper 
surface is strewn with trunks and branches of trees, oak, fir, and 
birch being the chief. The fir still retains its bark, and the 
heartwood, when cut, is often found to have preserved its original 
colour. Some of the wood has been bored by some kind of beetle. 
The peat is remarkably free from intermixture with mineral sedi- 
ment, a grain or two of angular sand, a sponge-spicule, and a Fora- 
minifer here and there being all that I could find in a specimen 
appropriately prepared for microscopic examination. In one of my 
slides the leg of some species of insect is displayed. The clay imme- 
diately beneath the peat is much more argillaceous than that above, 
and of a darker blue colour, attributable probably to the influence 
of decaying vegetable matter. Sponge-spicules and Foraminifera, 
however, are common in the sandy, sediment that remains after 
washing away the argillaceous matter of the clay. At 20 feet from 
the surface the clay becomes far more sandy and, as a loose blackish 
sandy clay, extends down to 23 feet, where it rests on a surface of 
red clay. This red clay closely resembles that of the Trias. It is, how- 
ever, penetrated by thin fibres of vegetable matter, apparently root- 
lets, as far down as it has been followed, 2. e. to 29 feet; if these 
fibres are those of small plants, as the absence of stumps of trees 
would suggest, it would seem to follow that the clay cannot be 
Triassic, and hence one feels a certain amount of doubt as to the age 
of the red clay in the other sections, where we have regarded it as 
Triassic. 

No. 6, Lower Clevedon, is after Mackintosh (Quart. Journ. Geol. 
Soc. vol. xxiv. p. 283). This is interesting as showing peat at the 
same depth below the surface as the upper peat in No. 7. 

No. 7. This is a section of a shaft sunk preparatory to beginning 
the cutting for the new railway, which is to run through the Severn 
Tunnel ; [ am indebted for it to the kindness of the Engineer of the 
Tunnel, Mr. C. Richardson. A similar section, not quite so detailed, 
appears in a valuable paper by my friend and former pupil Mr. 
Evan D. Jones, Assistant Engineer of the Tunnel (Proc. Geol. Assoc. 
vol. vii. no. 6, fig. 4, section 6). 

The upper six feet of the blue clay above the peat are (like the 
upper part of this clay at. Locking) fuller of angular siliceous 
fragments than the rest below; and the lower three feet are not 
only more argillaceous, but charged with fragments of black and 
decaying vegetable matter. In association with this vegetable 
matter we find, and not only here, but also at Cardiff and Locking, 
abundant spherules, separate and aggregated, of iron pyrites. These 
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spherules are precisely similar to those occurring in ancient sediments, 
particularly limestones: they are described in my paper on the Silurian 
district near Cardiff (Quart. Journ. Geol. Soc. vol. xxxv. p. 504). 
The direct connexion of the pyrites with the vegetable matter is 
beautifully shown by their frequent occurrence within the cells of 
vegetable tissue, where they may be seen occupying the place of the 
departed protoplasm, and surrounded on all sides by the persistent 
cellulose cell-wall. 

The clay below the first peat is not yet clearly exposed in this 
cutting. I have so far been able to examine it sufficiently to state 
that it contains organic remains like those of the upper clay. 

The sand, six feet in thickness, is of a greenish blue colour and 
consists of fragments of colourless quartz, with included cavities 
and microliths, green grains, and numerous shelly fragments which 
give it a white-speckled appearance. The most noticeable organic 
constituents are abundant fragments of some species of Polyzoa; 
besides these are many chips of Lamellibranch shells, amongst 
which I noticed a small broken Avicula, Foraminifera, spines of 
Echinoderms, and sponge-spicules. 

The lower bed of peat is not yet exposed in the cutting. 

The lowest gravel consists of rolled pebbles, angular and subangular 
blocks of Millstone Grit, vein-quartz, Mountain Limestone, and it 
may be of other material. Some of the blocks are more than a 
cubic foot in size, and one subangular fragment of Mountain 
Limestone was found well smoothed and striated as if by ice. 

No. 8 is taken from a paper read by Mr. W. C. Lucy, before the 
Cotteswold Club, March 6th, 1875. The blue clay is stated to have 
yielded, at from four to six feet from the surface, nests of Tellina 
solidula, a shell which abounds on some parts of the shores of the 
estuary at the present day. The peat contained many trunks of 
trees, chiefly oak, alder, beech, and hazel; some of the oaks were of 
great size. 

No. 9 is a section obtained in excavating the New Docks at 
Cardiff. I have to express my best thanks for it to my friend 
Mr. John Storrie, Curator of the Cardiff Museum, who has not only 
generously sent me full information concerning it, but specimens for 
examination. 

Below 43 feet of made ground is blue clay, twelve feet thick, the 
upper five feet full of Foraminifera, the lower seven feet charged 
with disseminated vegetable matter, but still containing marine orga- 
nisms. Next below is peat, from six to eighteen inches thick; of this 
I trust that Mr. Storrie, with his extensive botanical knowledge, 
will furnish us with fuller information at some future time. It 
is remarkably uncontaminated by mineral sediment, if I may judge 
from the specimen in my possession ; only a few grains of angular 
sand, and some sponge-spicules and Foraminifera occur in it. 

Below the peat is 22 feet more of blue clay, in its upper part 
containing fewer Foraminifera than that above the peat, and many 
of these are pyritized ; in its lower part are still fewer Foraminifera, 
but many examples of Scrobicularia piperata. It is interesting to 
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find here a Scrobicularia-clay, occurring at the same depth as in 
the shaft at Caldicot. near Portskewet, which is about nineteen 
miles further north. The clay rests on gravel consisting of Millstone- 
grit pebbles. 

No. 10 is taken from Mr. Evan D. Jones’s paper (loc. cet.) ; it was 
obtained in sinking a shaft through Caldicot Marsh near Port- 
skewet. In Mr. Jones’s paper the section has slipped too near the 
datum-line in the figure ; it should be raised till the surface of the 
clay is on the same level as that of no. 6. fig.4. The Scrobrcularia- 
marl which occurred in this section is of yellowish-grey colour, and 
is characterized by an admixture of freshwater and brackish-water 
shells such as Limneca, Planorbis, Scrobicularia piperata, and Car- 
dium edule. Diatoms are common in it, and also remains of 
Chara. It presents a striking contrast in colour and composition. to 
the rest of the alluvium. 

The foregoing material enables us to classify the alluvial deposits 
in the following manner :— 


a. More sandy zone, 5 to 7 feet. 
Zone 1. Upper clay. ~ 6. More argillaceous zone, with disseminated vegetable 
‘ matter. 

Upper peat. 
Zone 2. Lower clay 

Lower peat. 
Zone 3. Sands and mud. 

Gravel. 


With the gravel we have not now to do; the presence in it of 
glaciated stones is very suggestive; but, as further information 
with regard to it will be forthcoming as the works of the Severn 
Tunnel progress, we may defer for the present the question of its 
formation. The sand is evidently a marine or tidal deposit, like 
the blue clay, from which it differs chiefly in containing no 
argillaceous sediment or scarcely any. It is not a constant 
deposit, and may possibly be explained by local current-action, 
though the gradual succession from cvarse through fine gravel to 
this sand in ascending order seems to require some more general 
explanation. The fact that it is entirely absent at Caldicot on the 
opposite side of the river, but is represented there by ordinary 
blue silt, is in favour of merely local action. The mud below this 
gravel in Section 3 is on this horizon ; its upper part, on which the 
gravel reposes, is penetrated by rootlets, indicating a land surface. 

There is a difficulty, when only one layer of peat is present in a 
section, in determining whether it is upper or lower; we may safely 
regard the lower bed at Porlock, and at New Passage, and the single 
bed at Lydney as lower peat; the remaining peat-beds are probably 
upper. 

The lower peat must evidently have accumulated at a time when 
the relative level of land and sea was different from that of the present 
day. At New Passage, for instance, it lies at half-tide level, and would 
have been, under existing conditions, always submerged for one 
half the day. An elevation of twenty feet, however, is all that is 
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required to bring the layer of peat up to the same level as that of 
the existing surface of the ground; and more than this cannot, I 
think, well be allowed, for the tidal deposits lying conformably 
above and below both beds of peat seem to point to asimple movement 
of depression interrupted by occasional pauses. The tidal mud 
beneath the peat proves that during its formation the margin of the 
land was below water, just as surely as the layer of peat proves 
that during its formation it was above. We can account for the 
silt on the theory that it was a case of ‘deposition during de- 
pression ;”’ and we can also account for the peat by supposing that 
the downward movement ceased for an interval; during which 
deposition continued and led to the silting-up of the creeks and 
bays of the estuary to above the high-water level of ordinary 
spring tides: extraordinary spring tides would raise the level some- 
what above “high-water spring” mark; and a marsh-growth 
would raise it somewhat higher still. The cleansing of muddy 
water on passing through the reedy margin of a marsh has been 
alluded to by Sir Charles Lyell, and may be invoked here to account 
for the general purity of the peat, which, nevertheless, does contain 
some sponge-spicules, Foraminifera, and sand-grains, though few. 

After a long pause, during which the lower peat, with its asso- 
ciated remains of forests, was formed, subsidence set in again, and 
the lower blue clay gradually accumulated over the layer of vege- 
table matter. 

Another interval of rest succeeded, during which a new alluvial 
surface rose above the tide, and the upper bed of peat was pro- 
duced ; again the movement of depression was renewed, and appa- 
rently not uniformly, since the lower part of the upper clay contains 
scattered fragments of plants which were probably derived from some 
exposed portion of the peat, which the waves ploughed to pieces and 
distributed far and wide. During the continuance of the depression 
the upper gravel bed at Bridgewater was laid down, probably through 
local current-action due to the change in the configuration of the 
estuary consequent on its depression. Finally, the upper part of 
the blue clay was deposited ; and this is more arenaceous than the 
lower part of the same deposit, because the continued depression had 
brought the sea nearer the area of deposition. The tidal waters, as 
the land sunk, extended further and further up the estuary and its 
tributaries ; and, meeting the upland waters further inland, sooner 
received their supplies of sediment. But it was from these muddy 
tidal waters that the silt of the alluvial flats was supplied, and thus, 
the source of sediment being shifted nearer the area of deposition, 
we have, according to a well-understood rule, coarser succeeding to 
finer sediments. 

Thus then we explain the origin of the alluvial tracts of the 
Severn. Save for differences of level, they have been formed in the 
same way as tidal deposits are accumulating at the present day ; in 
the past as in the present the tidal waters rose and fell in the 
estuary, transporting with them sediment of a double origin, the 
joint product of the land and sea. 
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The Sewage Question.—The important. bearing of these obser- 
vations on the conclusions of modern engineers as to the fate of 
sewage poured into tidal waters need scarcely be pointed out. It is 
certain that the fecal residues which destroy the purity of our 
streams, and serve as breeding-matter for disease-germs, do not 
obtain at once a safe burial in the sea, but linger with us for days 
or weeks, or may be for months, wandering with the ceaseless 
oscillation of the tides; while a part never reaches the sea at all, 
but is strewn with impartial hand at the foot of every town which 
the tidal current reaches and defiles. 

In conclusion, I desire to offer my best thanks to my friends 
Messrs. T. J. Ranson of Weston-super-Mare, T. Jones, F.G.S., of 
Newport, Mon., F. G. Evans and J. Storrie of Cardiff, for their 
kindness in sending me specimens for examination. 

Note.—Since writing this paper I have received from my brother 
Mr. Edgar W. Sollas of London, specimens of mud taken from the 
banks of the Thames near London Bridge. On examination I find 
in them characteristic sponge-spicules, Suberitic and others, indica- 
tive of marine origin. 


Discussion. 


Prof. Boyp Dawxtns said that he congratulated the author upon 
the way in which he had dealt with the phenomena which he had 
brought before the Society. The bearing of his remarks upon the 
sewage question was very important. The physical change implied 
by the submarine forest in the area examined by the author, and 
which Prof. Dawkins had studied for many years, was to be 
observed all round our coasts where the shore was a shelving one. 
The forests of oak, yew, and Scotch fir occupy a belt stretching from 
about Ordnance datum to below low-water mark, and he had iden- 
tified the short-horned ox, goat, sheep, and hog among the animals 
discovered in them at various points. Between Porlock and Mine- 
head he and the Rev. W. H. Winwood had found numerous flint 
chips and flakes. The forests, therefore, were flourishing in the 
age of the domestic animals, or the Prehistoric period, most pro- 
bably in the Neolithic stage of that period, and formed a belt 
extending from our shores to an unknown distance seawards. With 
regard to the section at Porlock Weir, he could not agree with the 
author that there was a second bed of peat. It was, as Mr. Godwin- 
Austen describes it, merely a surface-growth of Iris. 

Dr. Hicks said that he could quite confirm, from personal obser- 
vation, the views of the author in regard to the extension westward 
of the old forests. That the mud went landward instead of seaward 
was a point with important physical bearings. He remarked upon 
the distribution of the materials according to their weight and 
volume. 

Mr. Waurraxer said that the paper had an interest from the 
analogies of the Severn deposits with others of a like kind. He had 
recently been working near the Wash, the low land bordering which 
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was formed of material deposited by the up-tide, so that the mate- 
rials were derived from the Yorkshire coast. The sections of the 
Severn alluvial flats corresponded with those of the Fenland. He 
thought it would be better to say that submerged forests occur at 
the junction of a river with the sea, rather than on a low shelving 
shore, as stated by Prof. Boyd Dawkins. ‘Submerged forests” and 
““neat-beds” were substantially the same phenomenon. It was, 
however, important to remember that the subsidence need only be 
slight. He had lately heard some facts with reference to the action 
of the tide in the Thames :—experiments had been made with 
floats, and in some cases the floats were found after a fortnight or 
more to have travelled up the stream; others, however, had slowly 
descended. It was therefore evident that much remained to be 
learned about the tides. 

Prof. Sorzas was glad to find that the results of his study of this 
particular estuary were sufficiently in harmony with Prof. Dawkins’s 
generalizations. He differed, however, in two particulars: the first 
was with reference to the deposits immediately beneath the peat, 
which he regarded as not fiuviatile, but tidal or marine; and the 
second as to the extent of the submergence which had taken place 
subsequent to the formation of the peat; he thought the land need 
not have stood more than 20 feet higher than at present for the 
growth of the first peat-bed, and 10 feet for the second. 
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36. Nores on the Guotoey of the TRoap. A brief Summary of the 
Resvxts derived from the OBSERVATIONS made in connexion with 
the Assos (U.S.) Exprpirion. ByJ.S. Drier, Esq., Geologist 
to the Expedition. Communicated, with Notes, by W. Topley, 
Esq., F.G.S. (Read June 6, 1383.) 


Tue terranes of the Troadic peninsula comprise a variety of stratified 
and massive or eruptive rocks. The former, excepting the most 
recent deposits, which are not considered in this connexion, may 
be divided into three groups according to their mineralogical 
conditions and geological age. 

The most ancient group is highly erystalline and, in all probability, 
belongs to the so-called mica-schist zone of the “*‘ Grundgebirge” or 
Archeean formation. 

The youngest group, embracing the Miocene and Pliocene Tertiary 
deposits, is, at least in part, well characterized by its fossils. 

The middle group is defined by the widely separated limits of the 
other two groups. It embraces rocks which may be Paleozoic or 
Prepaleozoic, as well as others which are probably of Cretaceous and 
Eocene age. 

Crystalline Schists—The crystalline schists have their greatest 
development in Mount Ida, of which they form almost the entire 
mass. ‘They are of many varieties, all conformably interstratified, 
as if belonging to the same great terrane. 

True gneisses are not abundant, and occur chiefly upon the north 
side of Mount Ida, under such conditions that they appear to overlie 
the schistose rocks. In Hadji-eulduren-dagh the mica is in large 
part replaced by hornblende. so that the gneiss has a dioritic aspect. 

In the schistose rocks (chiefly amphibolites) hornblende is one of 
the most widely distributed and abundant minerals. It generally 
appears as actinolite, and not unfrequently constitutes almost the 
whole of the rock in which it oceurs. With amphibole are associated, 
besides felspar, at times more or less quartz, epidote, magnetite, 
titanite, andrutile. True mica-schists are of less common occurrence, 
interstratified with the amphibolites. 

Near the centre of Mount Ida the oldest rocks crop out, and among 
them is tale-schist, which, by the gradual addition of olivine, passes 
into small lenticular masses composed almost exclusively of the latter 
mineral. According to the nomenclature of Brégger this rock should 
be called olivine-schist. By alteration it gives rise to serpentine, 
with the characteristic reticulated structure which ever marks the 
serpentine derived from olivine. Occasionally the fibrous serpentine 
forms veins of considerable size in the adjacent rocks. 

The olivine-schist, where purest, has no schistose structure. The 
passage from tale- schist, in which no olivine occurs, to that composed 
almost entirely of olivine, takes place sometimes within a short 
distance. The chief mass of the rock, however, is a middle stage 
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between the two extremes, having a distinctly schistose structure, and 
being composed for the most part of olivine and talc, besides consider- 
able quantities of pyroxene as well as other minerals not yet 
determined. 

At various intervals throughout the zone of schistose rocks occur 
rather coarsely crystalline white limestones. 

The structure of Mount Ida is a comparatively simple anticlinal, 
with so short an axis extending east and west that the upper portion 
of the mountain is approximately a dome. 

The highly erystalline stratified rocks are, perhaps, the chief 
topographical determinants of that region. Their position and dis- 
tribution indicate that, in the early stages of its development, the 
peninsula of the Troad was represented by several islands which 
furnished much of the detritus for subsequent formations. 

Intermediate Zone.—The rocks of the middle zone are for the 
most part semicrystalline limestones, a very ferruginous quartzite, 
together with greenish, somewhat schistose, rocks, and others which 
are, macroscopically, like argillites, but contain too large a proportion 
of quartz. 

The limestone is generally compact, grey or reddish-coloured, very 
like the Cretaceous (according to Prof. Neumayr) in the Acropolis at 
Athens, and has often large quantities of silica so irregularly dis- 
tributed as to produce a very rough weathered surface, like the Cre- 
taceous limestone west of Smyrna. This limestone is found chiefly 
about the base of Mt. Ida, at Edremit (Adramyti), near Dikelee- 
dagh and Chaly-dagh, also between Quayalar and Ahmadja and 
several kilometres south-west of Ilesfagy. At Cojékia-dagh (the 
spur of Dikelee-dagh on which stand the remains of the ancient 
Gargara) it is peculiar in containing many small acicular quartz 
crystals. ‘The ferruginous quartzite was observed in one locality 
only. 

The greenish, somewhat schistose rocks, with sandstones of the 
same colour, near Ahmadja, as west of Smyrna, overlie the limestone. 
The Cretaceous age of the limestone at the locality last named appears 
to be quite definitely determined by the observations of Strickland, 
Tchihatcheff, and Spratt; but the age of that near Ahmadja is yet 
uncertain. Concerning the single fossil which has been found in it, 
Prof. Neumayr writes, it is a Rhynchonella, which is so widely distri- 
buted that it cannot be used as a certain means of determining 
the age of the strata in which it occurs ; but the limestone is probably 
Cretaceous. 

That these rocks are younger than those of the mica-schist zone 
is indicated not only by the fact that they contain fossils and are 
less crystalline than that group, but also by the fact that they are 
made up of sediments derived from the crystalline schists. On the 
other hand that they are, at least in part, old rocks is shown by the 
contact-zone produced in them by the quartz-diorite. 

In 1881 Mr. Frank Calvert, American Consul at the Dardanelles, 
discovered undoubtedly Eocene fossils (Nummulites determined by 
Prof. Neumayr) at several places in the Troadic peninsula outside 
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of the region visited by the writer. The same rocks in all proba- 
bility occur also in the southern Troad ; but until further investiga- 
tions are made, their existence must be left doubtful. 

It seems probable therefore that in the Intermediate Zone there 
are a number of terranes of different ages. It should be stated in 
this connexion that the rocks of the southern Troad placed by 
Tchihatcheff provisionally in the Lower Tertiary are, according to 
Prof. Neumayr, of more recent origin. 

Tertiary Rocks.—The third or youngest group of stratified de- 
posits, embracing those which are certainly not older than the 
Miocene, may be divided into two portions. Geographically they 
are entirely distinct, and their stratigraphical relations are yet 
uncertain. 

Murine Series—The rocks of the Sarmatic stage of the Mio- 
cene, so well exposed at HEvenkieui, are now known to border 
the western coast from the Trojan plain to beyond the mouth of the 
Touzla, near the promontory of Baba-bournou. 

At the site of the ancient Hamaxitos, several kilometres south- 
west of Kinlahly, the ‘‘ Mactra-kalk” with its characteristic fossils 
forms the acropolis. This imestone is undoubtedly of marine origin ; 
and although it has a wide distribution north-eastward toward the 
Caspian and the Vienna basin, yet it has not been recognized further 
south-west than the coast of the Troad. 

Beneath this limestone, as at Evenkieui, is a great’ thickness of 
sand and clay beds, which are underlain by a conglomerate, and pro- 
bably, at the bottom of the series, by astratum of red clay. The con- 
glomerate is composed chiefly of fragments of andesites and liparites. 
Fossils have not been found in these beds near Hamaxitos ; but at 
Evenkieui, according to Calvert and Neumayr, organic remains are 
not unfrequent, and of a mixed character, indicating that the strata 
belong, at least in great part, to the Sarmatic stage. 

The marine beds which overlie the “ Mactra-kalk” are largely 
developed south of the mouth of the Touzla, and contain great 
numbers of fossils, among which are many Ostrecw and Gasteropods. 

Freshwater Series ——The second portion of the Tertiary deposits 
occupies a large part of the interior of the Troad, about the great 
plain of the Menderé, between Hanedeh and Bairamitch, as well 
as along the southern coast west of Papazly. It has furnished but 
few fossils, and they are of such a character that its age cannot be 
determined with certainty ; however, according to Prof. Neumayr, 
who has kindly undertaken the determination of the fossils col- 
lected by the expedition, it must be Upper Miocene, Mio-pliocene, 
or Lower Pliocene. That itisin great part a fresh- or, at most, 
a slightly brackish-water deposit cannot be doubted. As has 
already been shown in a preliminary report, where these de- 
posits are described at some length, the basis of the series is a 
conglomerate in which no fragments of the basalts, andesites, and 
liparites have been found. It:’is overlain by a series of shales 
upon which, between Demirdji-kieui and Narly, rests a puzzling rock 
regarded by T'chihatcheff as limestone. It is usually pale-yellowish 
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coloured, soft, light and porous, and generally shows no trace of 
effervescence in hydrochloric acid. In general appearance it closely 
resembles an impure siliceous limestone out of which the greater 
portion of the carbonate of lime has been dissolved. Having a 
thickness of about one hundred and thirty metres, it becomes the 
chief topographical determinant of that region, and gives rise to 
profound gorges and bold escarpments. Throughout the greater 
portion of the mass it is uniformly fine-grained, but under the 
microscope it has the structure of a tufa. 

The upper beds of the series, consisting of thin freshwater lime- 
stones, sandstones, shales, and a large proportion of stratified tufas 
with conglomerates, have not been seen east of Demiradji-kieui. 
The fossils collected were found in this portion of the series and it 
is evident that the ejection of the andesites began before the depo- 
sition of those beds was completed. 

Numerous oscillations of the land, as indicated by the varying 
character of the strata, must have occurred during the Miocene and 
Pliocene periods; and in all probability these movements were con- 
nected with the extrusion of the eruptive rocks so abundant in the 
region. 


Massive Rocks.~-The massive rocks of the Troad belong in part to 
those of pre-Tertiary origin; but the greater portion were ex- 
truded since the beginning of the Tertiary Period. The older group 
includes biotite-hornblende-granite, quartz-porphyry, quartz-diorite, 
augite-porphyrite, melaphyre, and serpentine; while the younger 
group embraces liparites, andesites, augite-andesites, basalts, and 
nepheline-basalt. 

Older Series—The biotite-hornblende-granite occurs in a large 
mass forming the serrated ridge of Chigri-dagh. It is distinctly 
younger than the highly crystalline stratified rocks which it pene- 
trates, and is especially interesting from the fact that where it is 
altered the titanite is changed to anatase. The alteration of titanite 
and ilmenite to anatase is doubtless a common and widely spread 
occurrence ; but as the crystals of anatase are very small they have 
generally been overlooked. 

The quartz-porphyries are chiefly microgranites, and are younger 
than the biotite-hornblende-granite through which they have been 
extruded. The dykes in which they occur are comparatively small 
and do not exercise much influence upon the topographical features 
of the country. 

The quartz-diorites form a number of comparatively small masses 
about the base of Mount Ida, and are evidently younger than the 
quartzose argillite of the middle zone of stratified rocks, which, in 
one case, has been metamorphosed into a cordierite- and andalusite- 
hornfels. It is to be especially noted that these eruptive rocks do 
not, as was formerly supposed. enter into the structure of Mount Ida. 

The augite-porphyrites (diabase-porphyrites) and melaphyres are, 
so far as is yet known, limited to five outcrops, all lying in a line near 
the southern coast of the Troad, and which, with the exception of that 
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between Ahmadja and Quayalar, are notimportant. The locality just 
named is of especial interest from the fact that melaphyre was the first 
rock extruded in that isolated volcanic centre, which is completely 
surrounded by Tertiary strata; it was followed later at the same 
place by mica-andesite, hornblende-andesite, augite-andesite, basalt, 
and late, if not last, by a large outpouring of liparite. 

The serpentine in the northern part of the Troad about Kara-dagh 
has been derived from olivine-enstatite rocks of a truly eruptive 
nature. The almost entire absence of the characteristic reticulated 
structure in some of the serpentine from the Kemar valley leaves — 
perhaps some doubt as to the original rock from which it has been 
derived. As previously stated, the serpentine about the summit of 
Mount Ida has been derived from olivine-schist, which undoubtedly 
belongs to the stratified rocks. 

Newer Serves.—Although the ancient eruptive-rocks are appa- 
rently not nearly so abundant as those of more recent origin, yet 
they represent very nearly the same range in chemical and mine- 
ralogical composition. The granite and quartz-porphyries have 
their modern equivalents in the liparites; the quartz-diorites in the 
mica- and hornblende-andesites; the augite-porphyrites in augite- 
andesites ; the melaphyre in the basalt. However, no equivalents 
were found for the nepheline-basalts and ancient olivine-enstatite 
rocks. On the other hand, the syenites and their modern repre- 
sentatives, the trachytes, which were once supposed to be abun- 
dant in the Troad, are now known to be at most only sparingly 
represented. 

The liparites occur in various types with many varieties, and are 
limited to the southern part of the Troad. They appear also south 
of Molivo on the island of Mitylene, and on the mainland at Sal 
Mosac south-west of Aivaly. They are generally in a stony con- 
dition, but are frequently glassy upon the boundaries, and contain 
many fragments of the andesites which they penetrated and over- 
flowed. They always occur in dykes, as at Cozlou-dagh, and the great 
plateau which gives rise to the peculiar drainage of the Touzla river. 
That some of the liparites were extruded before the deposition of the 
‘* Mactra-kalk”’ is certain ; but from the fact that the exact age of 
the Tertiary deposits in the southern part of the Troad has not been 
definitely determined, the time of the extrusion of the great mass of 
the liparites cannot be stated ; however, it occurred most likely at 
the beginning or in the early part of the Pliocene period, when the 
land was raised above the sea, and the islands converted into a 
peninsula. 

The andesites embrace typical mica-andesites and hornblende- 
andesites, as well as a great variety in which mica and hornblende 
occur in nearly equal proportion. These, with augite-andesite, 
occupy a great area between the Menderé and the southern coast, 
and, unlike the liparites, they seem to have reached the surface, at 
least in some cases, through volcanic vents. Not unfrequently they 
occur in dykes also, and have evidently overflowed a large area of 
late Tertiary deposits. 
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Their extrusion along the western coast began before the deposition 
of the ‘ Mactra-kalk ;’ and along the southern coast during the 
formation of the freshwater deposits of that region. Pyroxene 
is generally a prominent constituent of the andesites, and frequently 
both rhombic and monoclinic pyroxenes occur together. The former 
is generally the most abundant, and has, in one case, been proved 
to be hypersthene. It occurs not only in mica-andesite, as at Assos 
and Smyrna, but also in the hornblende-andesite north-west of 
Cozlou-dagh and the augite-andesite west of Sivriji-bournon. 
Among the great variety of andesites may be mentioned the oldest 
which flowed from the volcanic crater at Assos. lt isa mica-andesite, 
in the ground-mass of which is a large proportion of apparently 
primary mica and hematite. 

The basalts occur in dykes, and, although widely distributed, do not 
occupy large areas. Along the southern coast of the Troad the 
basalt is of an andesitic type, and the olivine is occasionally altered 
to distinctly cleavable pleochroitic serpentine. 

The same phenomenon is better developed in the typical nepheline- 
basalt, which forms the prominent hill of Quaralyly or Sapandja-tepe 
near the centre of the Troadic peninsula. The basalts and nepheline- 
basalts are evidently younger than the Tertiary deposits with which 
they are associated ; but the time of their extrusion with reference to 
that of the other eruptive rocks of the Troad cannot be definitely 
determined. 


ApprnnIx by W. Torrey, Esq., F.G.S., Geological Survey of England 
and Wales. 


Tue foregoing paper is a brief notice of the main results arrived at 
by Mr. Diller when attached as geologist to the United States Assos 
Expedition. The field-work extended through two summers, and 
was supplemented by researches in the petrological laboratory of 
Heidelberg. , A MS. draft of Mr. Diller’s geological map (scale 
1 : 100,000) was sent to me for the service of the new Geological 
Map of Europe (and its borders) which is now being prepared by a 
Committee of the International Geological Congress. The map here 
given is a reduction ot this map ; but some of the igneous rocks are 
grouped, and some other details are necessarily omitted. The 
heights are inserted from various sources—the English Admiralty 
Charts, the Austrian Military map, and others. 

The map has been prepared in England, and Mr. Diller has not 
seen a proof; he is therefore not responsible for errors or imperfec- 
tions therein. 

The Assos Expedition was sent out by the Archeological Institute 
of America, and was under the direction of Mr. J. T. Clarke. The 
archeological work was mainly confined to Assos, on the southern 
coast of the Troad, and hence Mr. Diller’s work is more complete 
there than elsewhere. Preliminary Reports have already been 
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printed *, but the present paper gives fuller information as regards 
the classification of the igneous rocks, the result of microscopical 
examination at Heidelberg. The Reports, on the other hand, deal 
more fully with the sedimentary rocks and with the physical geo- 
graphy, which are only briefly alluded to here. 

The physical geography of the Troad is very closely related to its 
geological structure. The larger areas of the older crystalline rocks 
form rugged mountainous regions; that near the west coast north of 
Touzla rises to a height of nearly 1600 feet, and Kara-dagh to 925 feet. 
But the grandest mass is that which forms the range of Caz-dagh, 
the ancient ‘“‘ [da”—5750 feet. The summits are treeless, but the 
higher slopes are thickly clothed with pine-woods f; from a mass 
of crystalline lmestone rise the powerful springs which form the 
head waters of the Mendere (Scamander) and other rivers of the 
district. 

The rocks of the Intermediate Zone form some high land on the 
western slope of Mt. Ida, attaining a height of 2530 feet at Dikelee- 
dagh, near the southern coast. The granite of Chigri-dagh also makes 
high ground, the summit here being 1648 feet. 


Comparatively little has hitherto appeared upon the geology of 
the Troad, although much has been published upon its topography, 
especially upon that of the north-eastern portion, where all authorities 
place the site of Ilium, or Troy. ‘The exact site has long been a 
matter of dispute; but only two places now claim that honour, 
Hissarlik and Bounar-bashi. The arguments for or against either 
site have been largely drawn from questions more or less related to 
geology, such as the constancy and temperature of springs, changes 
in the coast-line and in the alluvial plains. Since Dr. Schliemann’s 
excavations at Hissarlik these questions have again been fully gone 
into, and most authorities now agree that, if any one site is taken, 
Hissarlik best fulfils the requisite conditions. 

The main facts bearing upon this question are now accessible in 
the pages of Dr. Schliemann’s ‘ Ilios’ (1880), where are given many 
statements by, or extracts from, other writerst. To this work 
reference may be made for information upon the numerous topo- 
graphical and other works relating to the subject. It will suffice 
here to note those only which more immediately refer to the 


geology. 


* Report on the Investigations at Assos, 1881, by J. T. Clarke. Papers of 
the Archeological Institute of America. Classical Series, I. Boston, 1882.— 
Appendix by J. 8. Diller, Geology of Assos, pp. 166-179. Notes upon the 
Geology of the Troad, pp. 180-215. a 

A description, by Mr. Diller, of anatase in the granite of Chigri-dagh (as 
mentioned in the foregoing paper), appears in the ‘Neues Jahrbuch,’ 1883, 

5 S- 
7 if an (Ilios, p. 70) notes that pines are characteristic of the erystal- 
line rocks east of Hissarlik; they cease on the Tertiary limestones. 

t See especially R. Virchow, pp. 84-90, 95-99, 673-685 ; and E. Burnouf, 
on the changes in the bed of the Scamander, pp. 79-84. 
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A few brief geological notes on the Troad are given by Dr. E. D. 
Clarke *, Professor of Mineralogy at Cambridge; but the first 
systematic account of the geology is that by Philip Barker Webb, in 
V82U+. 

Lieut. (now Admiral) T. A. B. Spratt, when surveying the northern 
Troad for the Admiralty, in 1840, with Comm. Graves, produced a 
topographical map which. has not yet been superseded. His purely 
geological notes on the country were not published till 1857£ ; but 
an account of his researches on the physical features of the country 
was given by Dr. P. W. Forchhammer in 1843 §. 

Tchihatcheff’s great work on Asia Minor |! describes the rocks of 
the Troad in detail; but much has been done since then in the 
study of petrology, and the rocks therein described and marked as 
“‘Trachytes ” must now be referred to several different classes 7. 
The same, no doubt, holds true of other districts in Asia Minor. 
Mr. Diller, in a letter to me, says :—“‘ In the vicinity of Smyrna the 
rocks formerly marked trachytes should now be marked andesites ; 
and it seems probable, from the hundreds of specimens I have ex- 
amined microscopically from the Levant, that the trachytes properly 
so called are scarce in that country.” 

The Tertiary beds have been studied by Calvert and Neumayr, 
who describe several new species of Unio, Melania, Melanopsis, &e. 
from Renkidi (Arenki6i) on the shores of the Hellespont **. 

Amongst the more recent publications, besides those previously 
mentioned, the following are important. RK. Virchow tv describes 


* «Travels in various countries of Europe, Asia, and Africa.’ 6 vols. 4to. 
London. Troad in vol. i., chaps. iv.—vi., 1812. 

+ ‘QOsservazioni intorno allo stato antico e presente dell’ Agro Trojano.’ 
Biblioteca Italiana, Milan, 1821, pp. 112 and map. Although, as is stated in 
the title, this memoir is written by a “ gentiluomo Inglese,” no English transla- 
tion has appeared. It is best known from the French edition :—‘‘ Topographie 
de la Troade ancienne et moderne.” Paris, 1844. It has also appeared in 
German. A copy of the original, in Italian, is in the library of this Society. 

t ‘On the Freshwater Deposits of the Levant,” Quart. Journ. Geol. Soc. 
vol. xiv. pp. 212-219: this paper refers chiefly to the Troad. 

§ Journ. R. Geograph. Soe. vol. xii. p. 28; see also ‘Topographische und 
physiographische Beschreibung der Ebene von Troia,’ mit einer Karte von 
T. A. B. Spratt. 8vo. Frankfort: 1850. 

|| ‘ Asie Mineure,’ 4 vols. 8vo. Paris. The Physical Geography was published 
in 1853; the Paleontology (by D’Archiac, Fischer, and De Verneuil) in 1866 ; 
the Geology in 1867-69. The Geological Map is on the scale of 1 : 2,000,000. 

4 The andesite of Assos (the Second Trachyte of Mr. Diller’s Assos Report) 
is the famous ‘‘ Sarcophagus-stone,” which was believed to have the power of 
rapidly consuming all bodies buried in it. 

** « Die jungen Ablagerungen am Hellespont,” Denkschr. k.-k. Akad. Wiss. 
Bd. xl. pp. 357-378, 1880. 

For a discussion as to the correlation of the Newer Tertiaries of the Levant 
&ec. see Neumayr, “‘ Ueber den geologischen Bau der Insel Kos und iiber die 
Gliederung der jungtertiaren Binnenablagerungen des Archipels.” (Appendix 
by M. Hornes.) Denkschr. k.-k. Akad. Wiss. Bd. xl. pp. 218-314, 1880; also 
Fuchs, Verhandl. k.-k. geol. Reichsanst., 1881, p. 173. 

tt “Reise nach Troja,” Verhandl. Berlin Gesellsch. Anthrop. 1879, pp. 204— 
216; and “ Beitrage zur Landeskunde der Troas,” Abhandl. k. Akad. Wiss. 
Berlin, 1879. 
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the alluvial deposits and changes in the river-course of the plain of 
Troy, &c.; Frank Calvert * the supposed changes of the coast-line. 
The modern course of the Menderé (Scamander) is on the western 
side of the plain of Troy, but its ancient bed can still be traced on the 
eastern side, under the walls of Hissarlik. A similar change is more 
plainly proved in the Halesian Plain, near the mouth of the Touzla 
river (the ancient Satnioeis), where a Roman bridge, which once 
spanned the river, is now 250 yards from it, the old channel having 
been completely silted up 7. 


Discussion. 


Mr. Wartneton Suyru remarked on the difficulties he encountered 
when he travelled in the Troad many years ago. -He confirmed the 
author’s views on the general structure of the district, and remarked 
on the analogies of the volcanic rocks with those of Hungary and the 
Rhodope to the north and the Katakekaumene to the south. 

Admiral Spratr was also able to confirm the great accuracy of 
the map, and especially of the divisions of the marine and fresh- 
water Tertiaries. At one point he found the freshwater and marine 
beds interlacing with each other. He suggested that one of the 
springs at Bounar-bashi, which he regarded as giving rise to the 
Scamander, and described by Homer as hot, might have been so in 
his day, as it issues from a crevice between the limestone and a 
trap or trachyte dyke. 

Mr. Torrry stated that the classical names bleed on the map 
were inserted by himself and not on the authority of the author. 


* “ Asiatische Kistenlinie des Hellespont,” Zeitschr. fiir Ethnologie (Berlin), 
1880. 

t+ Another instance of a like nature occurs on the Riviera east of Albenga, 
where the roadway of a Roman bridge (Ponte Lungo) is now only seven or eight 
feet above the Alluyium ; the river is now west of the old bridge. 
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THE QUARTERLY JOURNAL 


AND 


PROCEEDINGS OF THE GEOLOGICAL SOCIETY. 


[The fossils referred to are described ; and those of which the names are printed 
in italics are also figured. ] 


Achnasheen, gneisses and mica-schists 
of, 144. 

Achriashellach, metamorphic rocks of, 
148. 

Adinole, analysis of, from Nun’s 
Chapel, St. David's, 320. 


Africa, South, Diamond-fields of, 
Proc. 5. 

Aintree, drifts between Hunt’s Cross 
and, 91 


Allan river, Porth-clais, junction of 
granite with Cambrian strata, 275, 
276. 

Allan valley, at Porth-clais, plan of 
the disposition of the rocks in the, 
217. 

Alluvial deposits of the Severn, 615, 
620, 623; sections of the, 611, 620. 

flats of the estuaries of the Severn 
and its tributaries, Prof. Sollas 
on the nature and origin of the, 
611. 

Alps, Northern, Rev. A. Irving on the 
origin of the lakes of the, 73. 

Alyn river, drifts on the, 100; sec- 
tion in a ballast-pit in the valley 
of the, 101. 

Amber, vegetable remains in, Proc. 
66. 

Anabacia complanata, 193. 

Analyses of adinole from Nun’s 
Chapel, St. David’s, 320; of ba- 
salt-glass, 453, 455, 457; of 
diabases from St. David’s, 503; 
of Lower Cambrian tuffs of St. 
Dayid’s, 296, 297; of picrite, 256, 


257; of serpentinous and olivine 
rock, 258. 

Ancyloceras Waltont, 488. 

Andesites of the Troad, 632. 

Anglesey, Prof. Bonney on boulders 
of hornblende-picrite near the 
western coast of, 254. 

Anniversary Address of the President, 
Proc. 38-65. See also Hulke, J. 
W., Esq. 

Annual Report for 1882, Proc. 8. 

Arca equata, 520. 

culmotecta, 520. 

Archean rocks of Ross and Inverness, 
classification of, 159. 

Archimedes, 31, 37. 

Arvonian of St. David’s, 280. 

Ascot, section on the South-western 
Railway near, 549. 

Assynt district, 367. 

, structure of, 392. 

Assynt series, 358; non-contempo- 
raneity of the Logan rock with the, 
375; in Loch Erriboll district, 397 ; 
outliers of the, on the Caledonian, 
407; granite not intrusive in the, 
408 


Astarte anatiformis, 526. 

elegans, var. munda, 527. 

magnalis, 527. 

sufflata, 527. 

Astrocenia major, 557. 

Phillipsi, 188. 

Astrorhizidz, Dr. R. Hausler on some 
Upper Jurassic, 25. 

Attadale, metamorphic rocks in, 152. 
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Augite-porphyrites of the Troad, 631. 

Australia, West, Mr. W. H. Hudle- 
ston on a collection of fossils and 
rock-specimens from, 582. 


Bagshot-beds of the London Basin, 
Mr. H. W. Monckton on the, 348 ; 
correlation of the, with the Hamp- 
shire series, 352. 

Sands, Upper and Middle, 348. 

, Lower, 348, 349. 

, Upper, MM. Tawney and 
Keeping on the section at Hord- 
well Cliffs from the top of the 
Lower Headon to the base of the, 
566. 

Balloch, section in the, under Coni- 
veall, 372. 

Banavie, section through, 155, 

Banbury and Hook Norton oolites, 
227. 

Bangor, Prof. T. G. Bonney on the 
rocks between the quartz-felsite and 
the Cambrian series in the neigh- 
bourhood of, 478. 

, drifts at, 113. 

Baron-Hill Park, Prof. T. G. Bonney 
on a section recently exposed in, 
470. 

Basalt-glass of the Western Isles of 
Scotland, Prof. J. W. Judd and Mr. 
G. A. Cole on the, 444. 

, Distribution and mode 
of occurrence of, 446; specific 
gravity of, 448 ; physical properties 
of, 450; solubility of, in acids, 451; 
chemical composition of, 453; mi- 
eroscopic characters of, 457. 

Basalts of the Troad, 633. 

Bathycelia Slatteri, 176. 

solida, 177. 

Beaumaris, drifts near, 113. 

, Prof. T. G. Bonney on a section 
recently exposed in Baron-Hill Park 
near, 470. 

Beinn Nan Tom, section through, 
155. 

Ben-an-Uarran, 395. 

Ben Arnaboll, ground between, and 
Ben Heilem, 402; structure of, 
403. 

Ben Hay, section from, to Glen 
Carron, 145. 

Ben-Fyn series of Archzan rocks, 
159. 

Ben More, 393. 

Ben-More Grit, 360. 

Ben-na-creisag, 395. 

Ben Uarran, 394; section from the west 
end of, to the road south of Inch- 
nadamff, 371. 


——— 
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Ben Uie, 394. 

“ Bergsturze,” effects of, in the for- 
mation of lakes, 79. 

Bigsby Gold Medal, award of the, to 
Dr. H. Hicks, Proc. 36. 

Blackpool, drifts of the coast from, 
to St. Bees, 106. 

— Cliffs, section in, 109. 

Blackwater river, probable changes of 
the course of, 597. 

Blanford, W. T., Esq., award of the 
Wollaston Gold Medal to, Proc. 29. 

Bonney, Prof. T. G., on the horn- 
blendic and other schists of the 
Lizard District, with some addi- 
tional notes on the serpentine, 1. 

, on Boulders of hornblende 

picrite near the western coast of 

Anglesey, 254. 

, on a series of rocks from the 

North-west Highlands, 414. 

, on a section recently exposed in 

Baron-Hill Park, near Beaumaris, 

470. 

,on the rocks between the Quartz- 

felsite and the Cambrian series in 

the neighbourhood of Bangor, 478. 

, on the lithological characters of 
some rocks from Ross- and Inver- 
ness-shires, 159. 

Bootle, drift section exposed in the 
North Docks at, 85; plan of Atlan- 
tic Docks at, 86. 

Boulder-clay of South Brecknockshire 
and ast Glamorganshire, 45 ; 
section of, in Ely valley, near 
Cardiff, 45; intruded, in South 
Wales, 48. 

and sands, low-level, 123. 

of the Atlantic Docks, Liver- 
pool, Mr. D. Robertson on the, 
129. 

Boulders, Mr. D. Mackintosh on the 
position of, relatively to the under- 
lying ground in North Wales and 
North-west Yorkshire, Proc. 67. 

— of hornblende picrite, Prof. 
Bonney on, near the western coast 
of Anglesey, 254. 

Brebag, 393. 

Brecknockshire, South, Mr. J. W. HB. 
David on glacial action in, 39. 

erratic district, 42. 

Brook, in the Isle of Wight, Prof. 
Seeley on the dorsal region of the 
vertebral column of anew Dinosaur 
(Sphenospondylus) from the Weal- 
den of, 55. 

Brown flags, 362. 

Brynker Station, section of drift at 
114. 
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Bryozoa, Mr. A. W. Waters on fossil 
Chilostomatous, from Muddy Creek, 
Victoria, &c., 423. 

Bryozoans of the Wenlock Shales, 
Mr. G. R. Vine on the, Proc. 69. 
Burford, section of Great Oolite near, 

170, 


Caer-fai, St. David’s, contemporaneous 
erosion accompanying Cambrian 
Conglomerates, 287. 

Caernarvon, drifts near, 113. 

Calamites cyaneus, shoulder-girdle of, 
Proc. 49. 

Calathiscus variolatus, 546. 

Calceby Beck, Lincolnshire, 599. 

Calda Burn, section on the, 368; 
section between the, and Poulan- 
drein, 369. 

Calder, drifts of the valley of the, 
102 ; section in the left bank of the, 
near Cock Bridge, 104. 

Caledonian canal, section from Loch 
Sheil to, 155. 

formation, 358. 

group, the Upper Limestone of 

Murchison a part of the, 386. 

series brought over the Assynt 
series by a reversed fault, 389. 

Callaway, Dr. C., on the age of the 
newer Gneissic rocks of the 
Northern Highlands. With Notes 
on the lithology by Prof. T. G. 
Bonney, 355. 

Camaloch, section on, 385. 

Camas-an-Duin, ground between 
Druim-an-tenigh and, 398 ; sections 
on, 398, 399. 

Cambrian conglomerates, composition 
of, 288. 

series, Prof. T. G. Bonney on 

the rocks between the quartz-felsite 

and the, in the neighbourhood of 

Bangor, 478. 

, Lower, groups of, St. David’s, 

4 


Cambridgeshire, Madreporaria from, 
555. 

Carboniferous rocks, Lower, of the 
Forest of Dean, Mr. E. Wethered 
on the, 211. 

strata, vertical section of, in the 
Forest of Dean, 216. 

Cardiff, section of quarry in Lower 
Lias, Ty-fry, St. Fagans, 48 ; sec- 
tion of boulder-clay and gravel in 
Ely valley, St. George’s, near, 45. 

Cardium dundriense, 524. 

pulsatum, 525. 

Carpenter, Dr W. B., award of the 
Lyell Medal to, Proc. 33. 
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Carpenter, P. H., Esq., award of a 
moiety of the Lyell Geological Fund 
to, Proc. 35. 

Carron Valley, section across, 148. 

, Loch, 149. ; 

Castell, section from near, to Porth- 
clais, 268. 

Catenicella, characters of thegenus,423. 

alata, 428. 

— ampla, 429. 

circumcincta, 432. 

— Harveyi, 431. 

— hastata, 431. 

intermedia, var. angustata, 430. 

—— levigata, 432. 

—— longicollis, 432. 

taurina, 431. 

ventricosa, 431. 

Cellepora granum, vyar., 440. 

Chalk-flints in gravels in South Wales, 
44. 


Chelone mydas, shoulder-girdle of, 
Proce. 47. 

Cheshire side of the Mersey basin, 
drift of the, 92. 

Lines, drifts on the, 90, 91, 100. 

Chipping Norton, general vertical 
section at, 235. 

Chirodota convexa, 537. 

gracillima, 537. 

Chorisastrea obtusa, 186. 

Cladophyllia Babeana, 182. 

Clastic rocks of the North-west High- 
lands, 417. 

Claypole, Prof. H. W., on Helicopora, 
a new spiral genus of North-Ameri- 
can Fenestellids, 30. 

Clypeus-grit, Mr. EH. A. Walford on 
the relation of the so-called ‘‘ North- 
ampton Sand” of North Oxon to 
the, 224. 

Cnoc-an-drein, 394 ; quartzite of, 37 0. 

Cock Bridge, section in the left bank 
of the Calder near, 104. 

Cole, G. A., Esq,, and Prof. J. W. 
Judd, on the basalt-glass (tachy- 
lyte) of the Western Isles of Scot- 
land, 444. 

Confusastrea burgundia, 184. 

magnifica, 184. 

Conglomerates, Cambrian, 
Dayid’s, 288. 

Conglomerate and tuff, interstratifi- 
cation of, St. David’s, 290. 

Colwyn, ballast-pit at, 111. 

Cone-in-cone structure, Proc. 75. 

Coniveall, section in the Balloch under, 
372, 391. 

Convexastrea Waltoni, 178. 

Coombe Hill, section of oolites at, 227 ; 
fossils from, 239, 
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Coral Rag, Mr. R. F. Tomes on Ma- 
dreporaria from the, of the counties 
of Wilts, Oxford, Cambridge, and 
York, 555. 

Corals of the Wenlock Shales, Mr. G. 
R. Vine on the, Proc. 69. 

Coulan, Loch, section through, 145. 

Craig More, section through, 153. 

Craig-na-faolin, section at, 401. 

Crateroseris fungiformis, 560. 

ese action of, in valley-formation, 
78. 

Cribrilina terminata, 436. 

tubulifera, 436. 

Cryptobranchus japonicus, hind limb 
of, Proc. 53. - 

Cryptocenia microphylla, 179. 

Pratti, 179. 

tuberosa, 179. 

Crystalline schists of the Troad, 627. 

Cyathophora Bourgueti, 194. 

Cypricardia filoperta, 529. 


David, J. W. E., Esq., on the evidence 
of glacial action in South Breck- 
nockshire and Hast Glamorganshire, 
39. 

Dawkins, Prof. W. Boyd, on the al- 
leged existence of Ovibos moschatus 
in the Forest-bed, and on its range 
in space and time, 575. 

Dean, Forest of, Mr. EH. Wethered on 
the Lower Carboniferous rocks of 
the, 211. 

Dee, drifts of the basin of the, 99. 

, sections of drift-cliffs on the, 
99, 100. 

Denudation of Lower beds of Inferior 
Oolite at Otley Hill and Hook Nor- 
ton, 243. 

Dhuloch Beg, section up the cascade 
from, 381. 

Dhuloch More,section from Loch Mao- 
lack Corry to, 380. 

Diabase dykes, St. David’s, 323. 

Diabases from St. David's, analyses 
of, 303. 

Diamond-fields of South Africa, Proc. 


Diller, J.8., Esq., on the geology of 
the Troad—a brief Summary of the 
results derived from the Observa- 
tions made in connexion with the 
Assos (U.S.) Expedition. With an 
Appendix by W. Topley, Esq., 627. 

Diluvium, action of, in blocking up 
valleys, 80. 

Dimetian of St. David’s, 267. 

Dimorpharea, sp., 561. 

Dinosaur, Prof. Seeley on the dorsal 
region of the vertebral column 
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of a new (indicating a new 
genus, Sphenospondylus), from the 
Wealden of Brook, in the Isle of 
Wight, 55. 

Dinosaurs, Prof. H. G. Seeley on the, 
from the Maastricht beds, 246. 

Diorite, quartz-, of the Troad, 631. 

Dislocation of strata, as producing 
lake-valleys, 74, 79. 

Dolomite, 362. 

Drift, river-cliffs of, 92. 

Drift-beds of the north-west of Eng- 
land and North Wales, Mr. T. M. 
Reade on the, 83. 

Drifts of the basin of the river Mer- 
sey, 84; in the neighbourhood of 
Liverpool and on the Lancashire 
side of the Mersey, 85; on the 
Cheshire side of the Mersey basin, 
92; of the basin of the river Dee, 
99; of the basin of the Ribble, 102; 
of the coast from Blackpool to St. 
Bees, 106; of the north coast and 
mountain-district of North Wales, 
ie 

Druim-an-tenigh, structure of, 397. 

Drybrook, Mr. E, Wethered on sec- 
tions of the Lower Carboniferous 
rocks at, 211. 

——-, Old Red Conglomerate and Car- 
boniferous rocks at, 211, 212. 

Durinish, section through, 153. 

Durness, granite of, 409. 

Dykes, diabase, of St. David’s, 323. 


Elasticity of Japanese rocks, 139. 

Ely valley, near Cardiff, section of 
boulder-clay and gravel in, 45; 
section of boulder-clay and flint- 
bearing gravel in, 45. 

Emploca ovata, 542. 

Enallohelia clavata, 175. 

England, north-west of, and North 
Wales, Mr. T. M. Reade on the 
Drift-beds of the, 838. 

Eocene, Lower, Mr. J. S. Gardner on 
the section of, between Reculvers 
and Herne Bay, 197. 

Erosion, contemporaneous, accom- 
panying Cambrian conglomerates, 
Caer-fai, St. David’s, 287. 

Erratics of South Brecknockshire and 
East Glamorganshire, 41. 

Hrriboll House, section above, 401. 

Excavation, Rey. A. Irving on the 
supposed power of, possessed by 
glaciers, 62. 

Excavation, glacial, as producing Al- 
pine lakes, 73. 

Hxogyra Davidsoni, 495, 

globulus, 495. 


GENERAL INDEX. 


Farnworth, section of drift-deposits 
at, 91. 

Fassfern valley, section through, 155. 

Favia pedunculata, 183. 

Fenestella, 31, 37. 

Fenestellide, genera of, 37. 

Fenestellids, Prof, E. W. Claypole on 
Helicopora, a new spiral genus of, 
30. 


Fern, Wealden, new to Britain, Proc. 


3. 

Flexure, transverse, effects of, upon 
lake-valleys, 77. 

Fluvio-marine series, mammalia of 
the, 579. 

Foliation in the St. David’s district, 
310. 

Fore limb of Salamandra maculosa, 
PROC: 57. 

Forest of Dean, Mr. E. Wethered on 
the Lower Carboniferous rocks of 
the, 211. 

Forest-bed, Prof. W. Boyd Dawkins 
on the alleged existence of Ovibos 
moschatus in the, 575. 

—— mammalia of the, 579. 

Fossil contents of the sands and gravels, 
boulder-clay and top silt of the At- 
lantic Docks, Liverpool, Mr. D. 
Robertson on the, 129. 

Fossils, Mr. W. H. Hudleston on a 
collection of, from West Australia, 
582. 

, Rev. G. F. Whidborne on some, 
from the Inferior Oolite, 487. 

—— from the Upper Bagshot sand 
in Tunnel Hill cutting, 352; from 
Coombe Hill, Oxfordshire, 239; 
from the Inferior Oolite of Hook 
Norton, 239; from the Inferior 
Oolite of Ottley Hill, 242; from 
Western Australia, 590. - 

Fourell More, section through, 148. 

Freshwater Tertiaries of the Troad, 
630. 

Frodsham and Helsby Hills, drifts 
of the, 93. 

Fucoid beds, 362. 


Gardner, J. S., Esq., on the Lower 
Eocene section between Reculvers 
and Herne Bay, and on some modi- 
fications in the classification of the 
Lower London Tertiaries, 197. 

GarstonDock, excavations at, 89. 

—— Station, section from beyond 
Hunt’s Cross Station to beyond, 
90. 

Gascoyne river, Mr. W. H. Hudle- 
ston on a collection of fossils and 
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rock-specimens from West Australia 
north of the, 582. 

Geikie, A., Esq., on the supposed 
Pre-Cambrian rocks of St. David’s, 
261. 

Gervillia compressa, 517. 

—— gladiolus, 516. 

intermedia, 516. 

Glacial action in South Brecknock- 
shire and East Glamorganshire, Mr. 
J. W. E. David on, 39. 

Glacial deposits in the Calceby and 
Steeping valleys, 601. 

Glacial period, Mr. D. Mackintosh on 
the recency of the close of the, Proc. 
6 


Glaciers, Rev. A. Irving on the me- 
chanics of, with especial reference 
to their supposed power of excayva- 
tion, 62. 


Glamorganshire, East, Mr. J. W. 


HK. David on glacial action in, 
39. ’ 
—— erratic district, 43. 

Glasven, 394; Logan Rock of, 371. 

Glauconome, 37. 

Glen Carron, section from Ben Hay 
to, 145. 

Glen Coul, sections on north and 
south sides of, 390. 

——-, section up, 372, 384, 391. 

Glen Finnan, section from, to Cale- 
donian Canal, 155. 

Glen Finulie, section through, 155. 

Glen Logan or Laggan, metamorphic 
rocks of, 143. 

Gloucester and Oxford, Mr. R. F. 
Tomes on the Madreporaria of the 
Great Oolite of the counties of, 
168. 

Granulite of Nicol, 396. 

Granulitic group of the Lizard, 16. 

Gray, T., Hsq., on Gray & Milne’s 
seismographic apparatus, 218. 

——, and Prof. J. Milne on the elas- 
ticity and strength-constants of 
Japanese rocks, 139. 

Gneisses, Hebridean, Prof. T. G. Bon- 
ney on, 415. 

Gneissic rocks, newer, of the northern 
Highlands, Dr. C. Callaway on the 
age of the, 355. 

Goppert, Prof. H. R., award of the 
Murchison Medal to, Proc. 30. 

——, on vegetable remains in amber, 
Proc. 66. 

Gouldia mitralis, 528. 

—— ovalis, 528. 

Granite of Durness and Loch Erriboll, 
409. 

Granite, section of junction of, with 
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Cambrian strata, 275, 276 ;plan of, 
271, 278. 

Granite of St. David’s, 313. 

——, Biotite-hornblende, of the 
Troad, 631. 

Great Oolite, sections of, near Burford 
and Stonesfield, 170, 171. 

, Mr. R. F. Tomes on the Madre- 
poraria of the, of the counties of 
Gloucester and Oxford, 168. 

——, Prof. W. J. Sollas on fossil 
sponges from the, 541. 

Gryphea abrupta, 493. 

cygnoides, 494, 

—— cymbium, 494. 

-—— Sollasti, 495. 

Gully gravels, 123. 

Gwern-cefn-y-Garreg, roches mouton- 
nées of Millstone Grit near, 50. 


Hallstadt Lake, section on the west 
side of, 78. 

Hampshire series, correlation of the 
Bagshot beds with the, 352. 

Harlech strata, groups of, St. David’s, 
294. 

Harpax Parkinsoni, 518. 

—— Tawneyi, 514. 

Hausler, Dr. R., on some Upper Ju- 
rassic Astrorhizide and Lituolide, 
25. 

Hazel Grove, drifts of, 95. 

Headon, Lower, MM. Tawney and 
Keeping on the section at Hordwell 
Cliffs from the tep of the, to the 
pase of the Upper Bagshot sands, 
566. 

Hebridean formation, 357; proof of 
overthrow of the, 379. 

Gneisses, Prof. T. G. Bonney on, 
415. 

Helicopora, a new spiral genus of 
North-American Fenestellids, Prof. 
EH. W. Claypole on, 30. 

archimediformis, 34. 

-—— latispiralis, 32. 

—— Ulrichi, 33. 

Helsby hills, drifts of the, 95; sec- 
tions in the, 94. 

Herne Bay and Reculvers, Mr. J. 8. 
Gardner on the Lower-Kocene sec- 
tion between, 197. 

Herne Bay, sections near east corner 
of, 204 ; section from east of, to near 
Reculvers, 201. 

Hicks, Dr. H., award of the Bigsby 
Gold Medal to, Proc. 36. 

—-—, on the metamorphic and over- 
lying rocks in parts of Ross- and 
Inverness-shires. With notes on 
the microscopic structure of some 
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of the rocks by Prof. T. G. Bonney, 


Highlands, north-west, Prof. T. G. 
Bonney on a series of rocks from 
the, 414. 

, northern, Dr. Callaway on the 
age of the newer Gneissic rocks of 
the, 355. 

Highworth, section at, 556. 

Hill- and mountain-drift, 127. 

Hind limb of Plesiosaurus Mansel, 
Proce. 52; of Pliosaurus portlan- 
dicus, 54; of Sawranodon, 55; of 
Ichthyosaurus, 56; of Salamandra, 
57; of Cryptobranchus japonicus, 58. 

Hinnites tenuistriatus, 501. 

Hook Norton, vertical diagram-sec- 
tion at, 229, 230. 

——, section at, showing denudation 
of lower beds of Inferior Oolite, 
244; fossils from the Inferior 
Oolite of, 239. 

Hope Ferry, ground between Whitten 
Head and, 402; junction north of, 
406. 

Hordwell Cliff, vertical section of, 574. 

—— Cliffs, MM. Tawney and Keep- 
ing on the section at, 566. 

Hornblende picrite, Prof. Bonney on 
boulders of, near the western coast 
of Anglesey, 254. 

Hornblendic and other schists of the 
Lizard district, Prof. T. G. Bonney 
on the, 1. 

—— group of the Lizard, 14. 

Hudleston, W. H., Hsq., on a collec- 
tion of fossils and rock-specimens 
from West Australia, north of the 
Gascoyne river, 582. 

Hulke, J. W., Esq. (President), Ad- 
dress on presenting the Wollaston 
Gold Medal. to W. T. Blanford, 
Ksq., Proc..29; Address on handing 
the balance of the Wollaston Dona- 
tion Fund to Prof. J. W. Judd for 
transmission to Prof. John Milne, 
30; Address on handing the Mur- 
chison Medal to W. W. Smyth, 
EKsq., for transmission to Prof. H. 
R. Goppert, 30; Address on hand- 
ing the balance of the Murchison 
Geological Fund to Prof. Morris 
for transmission to John Young, 
Esq., 31; Address on presenting 
the Lyell Medal to Dr. W. B. Car- 
penter, 33; Address on presenting 
one moiety of the balance of the 
Lyell Geological. Fund to P. H. 
Carpenter, Hsq., 35; Address on 
handing to Prof. Seeley the second 
moiety of the balance of the Lyell 
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Geological Fund for transmission 
to M. H. Rigaux, 36; Address on 
presenting the Bigsby Gold Medal 
to Dr. H. Hicks, 36; Anniversary 
Address, February 16, 1883. Obi- 
tuary Notices of Deceased Fellows: 
—Prof. A. Leith Adams, 38; Mr. 
Charles Darwin, 38; Sir Woodbine 
Parish, Kon. 39; Mr. G. W. 
Stow, 40; Sir C. Wyville Thomson, 
40; Mr. E. B. Tawney, 41 ; Address 
on the progress of paleontological 
knowledge, with special reference 
to the Reptilia, 41. 

Hunt’s Cross Station, section from 
beyond, to beyond Garston Station, 
90. 


Hyperammina vagans, 26. 


Ichthyorhachis, 37. 

Ichthyosaurus, shoulder-girdle of, 
Proc. 45; hind limb of, Proc. 56. 
Igneous rocks of the north-western 

Highlands, 408, 419. 

Iguanodon, shoulder-girdle of, Proc. 
82, 83. 

Inchnadamff, section from the west 
end of Ben Uarran to the road 
south of, 371. 

Inferior Oolite, Rev. G. F. Whidborne 
on some fossils from the, 487; 
Prof. W. J. Sollas on fossil sponges 
from the, 541. 

-——- of Hook Norton, fossils 
tS. the, 239; of Ottley Hill, fos- 
sils from the, 249, 

; denudation of lower beds 
of, at Ottley Hill and Hook Norton, 
243. 

Intermediate zone in the Troad, 629. 

Intrusive sheets of St. David’s, 323. 

Inverness-shire, Dr. H. Hicks on the 
metamorphic and overlying rocks 
of parts of, 141. 

Irving, Rev. ie on the mechanics of 
glaciers, with especial reference to 
inet supposed power of excavation, 


——, on the origin of valley-lakes, 
with especial reference to the lakes 
of the northern Alps, 73. 

Isastreea explanulata, 186. 

——. gibbosa, 185. 

—— limitata, 185. 

—— microphylla, 185. 

oblonga, 563. 

Isle of Wight, Prof. Seeley on the 
dorsal region of the vertebral column 
of a new Dinosaur (Sphenospon- 
dylus) from the Wealden of Brook 
in the, 55. 
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Isoarca capitalis, 523. 
== faranm, oon. 


Judd, Prof. J..W., and Mr. G. 
Cole, on the basalt-glass (tachylyte) 
of the Western Isles of Scotland, 
444, 

Jukes-Browne, A. J., Esq., on the re- 
lative ages of certain river-valleys 
in Lincolnshire, 596. 

Jurassic Astrorhizide and Lituolide, 
-D. R. Hausler on some, 25. 


Keeping, H., Esq., and EH. B. Tawney, 
Hsq., on the section at Hordwell 
cliffs from the top of the Lower 
Headon to the base of the Upper 
Bagshot sands, 566. 

Kellia Etheridgit, 525. 

Kishorn, Loch, 149. 

Knockan section, 389. 


Laggan, Glen, metamorphic rocks of, 
143. 

Lakes, Valley-, Rev. A. Irving on the 
origin of, 73. 

Lancashire side of the Mersey basin, 
drifts of the, 85. 

Land, pre-drift surface of the, 120. 

Latimzandra lotharinga, 186. 

Latimezeandrarea corallina, 562. 

—— decorata, 562. 

Lavas of the Lower Cambrian of St. 
David's, 302. 

Leptophragma fragile, 545. 

Lilleshall, Salop, Mr. C. J. Wood- 
ward on a group of minerals from, 
466. 

Lima alticosta, 504. 

amnifera, 504. 

—— contorquens, 505. 

—— cubiferens, 505. 

—_— educta, 506. 

== mMcisa, D0. 

—- inoceramoides, 507. 

—— leviusceula, var., 507. 

—— Lyeettii, 508. 

majestica, 508. 

—=-—— flotata, 509, 

—-— epybolus, 503. 

—— placida, 510, 

—— platybolus, 510. 

—— poetica, 511. 

—-— rigida, 503. 

—— rodburgensis, 511. 

semicircularis, 512. 

seminuda, 512. 

—— Sharpii, 512. 

—— strigillata, 513. 

Limestones of the north-west High- 
lands, 419. 
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Limnorea pygmea, 549. 

Lincolnshire, Mr. A. J. Jukes-Browne 
on the relative ages of certain river- 
valleys in, 596. 

Liparites of the Troad, 632. 

Lituolide, Dr. R. Hausler on some 
Upper Jurassic, 25. 

Liverpool, drifts in the neighbour- 
hood of, 85; drift deposits about, 
91; plan of Atlantic docks, 86. 

Lizard district, Prof. T, G. Bonney 
on the MHornblendic and other 
schists, and on the serpentine, of 
ties he 

Llanfairfechan, drift section at, 112. 

Loch Ailsh, crystalline limestone of, 
386. 

Loch-Ailsh group of igneous rocks, 
409. 

Loch-Ailsh promontory, section in, 
153. 

Loch-Broom district, 363. 

Loch Coulan, section through, 145. 

Loch-Erriboll district, 396; granite 
of, 409.’ 

Loch Maolack Corry, section from, 
to Dhuloch More, 380. 

Loch-Maree series of Archean rocks, 
159. 

Loch-Sheil series of Archean rocks, 
159. 

Loch Sheil, section from, to Caledo- 
nian canal, 155. 

Logan rock, 363; of Glasven, 371; 
not separable from the Hebridean, 
374. 

Logan, Glen, metamorphic rocks of, 
148. 

London Basin, Mr. H. W. Monckton 
on the Bagshot beds of the, 348. 
London Tertiaries, Lower, Mr. J.S. 
Gardner on some modifications in 

the classification of the, 197. 

Low-level Boulder-clay and sands, 123. 

Lower Limestone Shales of the Car- 
boniferous, at Drybrook, Forest of 
Dean, 212. 

Lucina burtonensis, 525. 

Lunulites initia, 442. 

petaloides, 442. 

Lyell Medal, award of, to Dr. W. B. 
Carpenter, Proc. 33. 

—— Geological Fund, award of one 
moiety of, to P. H. Carpenter, Esq., 
Proc. 35; award of the second 
moiety of, to M. H. Rigaux, Proc. 


36. 
Lyropora, 32, 37. 


Maastricht beds, Prof. H. G. Seeley 
ou the Dinosaurs from the, 246. 
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Macclesfield, drift beds at, 95. 

Mackintosh, D., Esq., on the results 
of observations in 1882 on the po- 
sitions of boulders relatively to the 
underlying ground in North Wales 
and north-west Yorkshire, with re- 
marks on the evidence they furnish 
of the recency of the close of the 
glacial period, Proc. 67. 

Macrodon rapidus, 521. 

—— rasilis, 521. 

Madreporaria, Mr. R. F. Tomes on, 
from tbe Coral Rag and Portland 
Oolite, 535. 

Madreporaria of the Great Oolite of 
the counties of Gloucester and Ox- 
ford, Mr. R. F. Tomes on the, 168. 

Mammalia of the Forest-bed and flu- 
vio-marine series, 579. 

Map of south Buckinghamshire and 
east Glamorganshire, 40; of the 
Bangor district, 481; of the Allan 
valley at Porth-clais, 277; of 
Western Australia, north of the 
Gascoyne river, 583; of the Lin- 
colnshire Wolds, 600; of the es- 
tuary of the Severn, 616; of the 
Troad, 628. 

Marine Tertiaries of the Troad, 630. 

Massive rocks of the Troad, 631. 

Mastodictyum Whidborni, 544. 

Mechanics of glaciers, Rev. A. Irving 
on the, 62. 

Megalosaurus, Prof. R. Owen on the 
skull of, 334. 

—--—, restoration of the skull of, 340. 

Megalosaurus Bredai, 246. 

Melaphyres of the Troad, 631. 

Membranipora arethusa, 434. 

lusoria, var. coarctata, 434. 

—— macrostoma, 433. 

—— oculata, 434. 

—— roborata, 433. 

Membraniporelia nitida, 436. 

Mersey, drifts of the basin of the, 84; 
on the Lancashire side of the, 85; 
on the Cheshire side of the, 92. 

Metamorphic and overlying rocks of 
parts of Ross- and Inverness-shires, 
Dr. H. Hicks on the, 141. 

—— sedimentary series of the Lizard, 
2; microscopic structure of the, 
12; age of the, 20. 

Metamorphism in St. David's district, 
313, 317. 

Metamorphism of Archzan rocks of 
Ross- and Inverness-shires, 160. 

Micaceous group of the Lizard, 12. 

Micropora cavata, 439. 

—— ordinata, 435. 

Microporella cellulosa, 437. 
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Microporella symmetrica, 436. 

Microsolena regularis, 191. 

Millstone Grit at Drybrook, Forest of 
Dean, 211. 

Milne, Prof. John, award of the Wol- 
laston Donation Fund to, Proc. 30. 

, and T. Gray, Esq., on the elas- 
ticity and strength-constants of 
Japanese rocks, 139. 

Mineral characters of Inferior-Oolite 
sponges, 550. 

Minerals, Mr. C. J. Woodward on a 
group of, from Lilleshall, Salop, 
466. 

Mollusca, Rev. G. F. Whidborne on, 
frora the Inferior Oolite, 487. 

Monckton, H. W., Esq., on the Bag- 
shot beds of the London Basin, 
348. 

Monoporella sexangularis, 455. 

Monilivaltia caryophyliata, 180. 

fairfordensis, 181. 

Slatteri, 181. 

Moraines, action of, in damming val- 
leys, 79. 

Morris, Alfred, Esq., Geological sketch 
of Quidong, Manaro, Australia, 
Proc. 76. 

Moughton and Settle, quarries between, 
sections In, 104, 105. 

Mountain- and Hill-drift, 127. 

Mud, tidal, of the Severn, microscopi- 
cal examination of the, 613. 

Muddy Creek, Victoria, Mr. A. Waters 
on fossil Chilostomatous Bryozoa 
from, 423. 

Murchison Fund, award of, to John 
Young, Esq., Proc. 31. 

Murchison Medal, award of, to Prof. 
H. R. Goppert, Proc. 30. 

Musk-Sheep, comparative measure- 
ments of skulls of, 576; range of, 
in North America, Northern Asia, 
and Continental Europe, 577; ex- 
istence of, in Britain, 577, 578. 

Myacites subsidens, 535. 

Mioconcha implana, 530. 

unguis, 030, 

Myrmecium biretiforme, 550. 

depressum, 550. 

Mytilus primipilaris, 518. 

striatissimus, 519. 


Nantley valley, section at Dorothea 
quarries, 114. 

Nant Uwydd, section of puddle-trench 
at the Rhyl reservoir, 115. 

Northampton Sand, so-called, of North 
Oxon, Mr. E. A. Walford on the re- 
lation of the, to the Clypeus-grit, 
224. 


North Wales, Mr. T,. M. Reade on the 
Drift-beds of the North-west of Eng- 
land and, 83. 

, drifts of the north coast 
and mountain-district of, 111. 

Nucula equilateralis, 522. 

nuciformis, 523. 

subglobosa, 522. 

Nun’s Chapel, St. David’s, analysis of 
Adinole from, 320; section from 
Porth-seli to cliffs near, 268. 


Oats, Francis, Esq., on Mr. Dunn’s 
notes on the Diamond-Fields of 
South Africa, 1880, Proc. 5. 

Ogof-llesugn, St. David’s, plan ot 
junction of granite with Cambrian 
strata at, 278. 

Ogwen Bank, glacial markings at, 113. 

Old Red Conglomerate at Drybrook, 
7A WL De 

Oldhaven beds, 205. 

Gap, section at east corver of, 
204. 

Oleandridium (Tzeniopteris) Beyrichii, 
Prdewae ' 

Olivine rock, analyses of, 208. 

Opis spathulosus, 529. 

Oroseris Slatteri, 192. 

Orthomerus Dolloi, 248. 

Ostrea concentrica, 489. 

costata, 489. 

explanata, 490. 

—— Knorrii, 490. 

palmetta, var. montiformis, 492. 

—— pyrus, 492. 

spheroidalis, 493. 

Ottley Hill, fossils from the Inferior 
Oolite of, 242. 

, Section at, showing denu- 
dation of lower beds of Inferior 
Oolite, 244. 

Ovibos moschatus, Prof. W. Boyd 
Dawkins on the alleged existence of, 
in the Forest-bed, and on its range 
in space and time, 575. 

Owen, Prof. R., on generic characters 
in the order Sauropterygia, 133. 

, on the skull of Megalosaurus, 
334. 

Oxford and Gloucester, Mr. R. FE. 
Tomes on the Madreporaria of the 
Great Oolite of the counties of, 168. 

Oxfordshire, Madreporaria from, 555 ; 
sections of Great Oolite in, 170, 
tile 

——, North, Mr. HE. A. Walford on 
the relation of the so-called North- 
ampton Sand of, to the Clypeus- 
grit, 224. 

; , Oolitic sands of, 226. 
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Pebidian of St. David’s, 283. 

Pecten aratus, 497. 

cornutus, 498. 

demissus, 498. 

fenestralis, 499. 

gingensis, 498. 

intermittens, 499. 

— leviradiatus, 500. 

— puellaris, 500. 

spinicostatus, 500. 

triformis, 500. 

Pegwell Bay, section at, 204. 

Penmaenmawr, drifts of, 112. 

Peronella Metabronnii, 548. 

repens, 548. 

Peyton, John H. H., Esq., on a Weal- 
den Fern, Oleandridium (Tenio- 
pteris) Beyrichiz, Schenk, new to 
Britain, Proce. 3. 

Pholadomya bellula, 534. 

callea, 5382. 

fortis, 538. 

— Newtonii, 533. 

spatiosa, 534. 

Picrite, hornblende, Prof. Bonney on 
boulders of, near the western coast 
of Anglesey, 254. 

, analyses of, 256, 257. 

Pinna claviformis, 518. 

dundriensis, 518. 

Pipa dorsigera, shoulder-girdle of, 
Proc. 49. 

Placopsilina cenomana, 27. 

Placuna Rupertina, 496. 

sagittalis, 497. 

Plan of the disposition of the rocks in 
the Allan valley at Porth-clais, 
277; of junction of granite with 
Cambrian strata, Ogof-lesugn, 278 ; 
of Atlantic Docks, Liverpool, 86. 

Plastron, development of, in a young 
tortoise, 137. 

Platychonia elegans, 5477. 

Plectospyris elegans, 549. 

major, 546. 

Plesiosaurus, sterno-coraco-scapular 
mass of, 134; shoulder-girdle of, 
Proe. 46. 

diduchus, shoulder-girdle of, Proc. 


8. 

2 dolichodeirus, shoulder-girdle of, 

PPOCs 59. 

Manseli, hind limb of, Proc. 52. 

Plicatula Sollasit, 515. 

subserrata, 515. 

Phosaurus, sterno-coraco-scapular mass 
of, 135; shoulder-girdle of, Proc. 
60. 


portlandicus, hind limb of, Proc. 


4. 
Polurrian Cove, section in, 10. 
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Polypora, 31. 

Porella marsupium, 437. 

Porphyries, quartz-, of the Troad, 
631. 


Porphyrites, augite-, of the Troad, 
631. 

Porphyry, quartz-, of St. David’s, 
315. 


Porth-clais, junction of granite with 
Cambrian strata, 275, 276; section 
from near Castell to, 268; plan of 
the disposition of the rocks in the 
Allan valley at, 277. 

Porth-seli, section from, to cliffs near 
Nun’s Chapel, 268. 

Portland Oolite, Mr. R. F. Tomes on 
Madreporaria from the, of the coun- 
ties of Wilts, Oxford, Cambridge, 
and York, 555. 

Poulan-drein, section between Calda 
ae and, 369; section on, 369, 

70. 

Poynton, drifts of, 95. 

Pre-Cambrian rocks of St. Dayid’s, 
ae A. Geikie on the supposed, 

ip 

Preston, drift-deposits at, 105. 

Psammosphera fusca, 26. 

Ptilopora, 31, 37. 


Quartz-conglomerate, Lower Cam- 
brian, of St. David’s, 305. 

Quartz-diorites of the Troad, 631. 

Quartz-felsite, Prof. T. G. Bonney on 
the rocks between the, and the Cam- 
brian series, in the neighbourhood 
of Bangor, 478. 

Quartz-porphyries of the Troad, 631. 

Quartz-porphyry of St. David’s, 313. 

Quartzite of Assynt series, igneous 
rock of the, 409. 

, seamy, 361; annelidian, 361. 

——, Upper, non-existent in Assynt, 
367. 

Quidong, Manaro, Australia, geologi- 
cal sketch of, Proc. 76. 


Reade, T. M., Esq., on the Drift-beds 
of the North-west of England and 
North Wales.— Part II. Their 
nature, stratigraphy, and distribu- 
tion, 83. 

Reculvers, Mr. J. S. Gardner on the 
Lower-Eocene section between, and 
Herne Bay, 197. 

, section from east of Herne Bay 

to near, 201. 

Reophazx helvetica, 277. 

multilocularis, 26. 

scorpiurus, 27. 

Retepora Beaniana, 439. 
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Retepora marsupiata, var. mucronata, 
439, 

Rhabdocidaris Thurmanni, 536. 

Rhyl reservoir, Nant Uwydd, section 
of puddle trench at, 115. 

Ribble, drifts of the basin of the, 102 ; 
section in the left bank of the, near 
Ribchester, 103. 

Ribchester, section in the left bank of 
the Ribble near, 103. 

Rigaux, M. E., award of a moiety of 
the Lyell Geological Fund to, 
Proc. 36. 

Rivalo mountain, section on the, 115. 

River-cliffs of drift, 92. 

River-valleys, Mr. A. J. Jukes-Browne 
on the relative ages of certain, in 
Lincolnshire, 596. 

Rivingtoz Hills, drift of the, 96. 

Robertson, David, Esq., Report on the 
sands and gravels of the Boulder- 
clays and the top silt at the Dock 
F of the Atlantic Docks, Liverpool, 
129. 

Roches moutonnées at Gwern-cefn-y- 
garreg, 50. 

Rocks between the quartz-felsite and 
the Cambrian series in the neigh- 
bourhood of Bangor, Prot. T. G. 
Bonney on the, 478. 

, Japanese, Messrs. Gray and 

Milne on the elasticity and strength- 

constants of, 139. 

, metamorphic and overlying, of 

parts of Ross- and Inverness-shires, 

Dr. H. Hicks on the, 141. 

, Mr. A. Geikie on the supposed 

Pre-Cambrian, of St. David’s, 261. 

, Mr. W. H. Hudleston on a col- 

lection of, from West Australia, 582. 

, Newer Gneissic, of. the Nor- 
thern Highlands, Dr. O. Callaway 
on the age of the, 355. 

Rock-fragments, distribution of, in 
drift, 118. 

Rock-specimens from Western Aus- 
tralia, 586. 

Rock-surfaces, grooved and striated, in 
South Wales, 49. 

Rock-surfaces, shattered and 
torted, in South Wales, 48. 

Ross-shire, Dr. H. Hicks on the me- 
tamorphic and overlying rocks of 
parts of, 141. 


con- 


St. Bees cliffs, section in, 109. 

, drifts of the coast from Black- 
pool to, 106. 

St. David’s, Mr. A. Geikie on the 
supposed Pre-Cambrian rocks of, 
261. 

GOeJ.G.8. Nos 156. 
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St. David's, section illustrating the 
geology of, 208. 

district, geological structure of 
the, 308; foliation in the, 310; 
granite, quartz-porphyry, and mete 
morphism of the, 3138. 

St. Fagans, Cardiff, section of quarry 
in Lower Lias, Ty-fry, 48. 

St. George’s, near Cardiff, section of 
Boulder-clay and gravel in Ely 
valley, 45. 

Salamandra, hind limb of, Proce. 57. 

maculosa, fore limb of, Proc. 


57+ 

Salterella-grit, 362. 

Sands and gravels of the Atlantic 
Docks, Liverpool, Mr. D. Robertson 
on the, 129. 

Sankey Bridge, drifts at, 90. 

Sauranodon, hind limb of, Proc. 57. 

Sauropterygia, Prof. Owen on generic 
characters in the order, 133. 

Schists, crystalline, of the Troad, 

27. 

, hornblendice and other, of the 

Lizard district, Prof. T. G. Bonney 

on the, 1. 

, Lower Cambrian, of St. David’s, 
301. 

Schizoporella australis, 439. 

schizostoma, 439. 

Sconnan More, 398. 

Seotland, Prof. J. W. Judd and Mr. 
G. A, Cole on the Basalt-glass of the 
Western Isles of, 444. 

Sections of boulder-clay and _ flint- 
bearing gravel, Ely Valley, St. 
George’s, near Cardiff, 45; of quarry 
in Lower Lias, Ty-fry, St. Fagans, 
Cardiff, 48; on the west side of 
Hallstadt Lake, 78 ; exposed in the 
North Docks (Atlantic Docks) at 
Bootle, 88; on the Cheshire Lines 
from beyond Hunt’s-Cross Station 
to beyond Garston Station, 90; at 
Farnworth, 91 ; in sand-pit at Up- 
ton, 93; in the Hellsby Hills, 94 ; 
in ballast-pit, Stockport, 95; of 
Turner’s Trench, Yarrow reservoir, 
96; in Yarrow Trench, 97 ; in Tur- 
ner’s side Trench, 97 ; in cutting on 
the west side of Yarrow reservoir, 
97 ; of drift-cliffs on the river Dee, 
100; in ballast-pit in the Alyn val- 
ley, between Gresford and Wrex- 
ham, 101; in left bank of Ribble, 
near Ribchester, 193; in left bank 
of Calder, near Cock Bridge, 104; 
in quarries between Moughton and 
Settle, 104, 105; in Blackpool cliffs, 
109; in St. Bees cliffs, 109; at 


ok 
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_ Llantairfechan, 112; at Brynker 
Station, 114; at Dorothea quarries, 
Nantley valley, 114; on the Rivalo 
mountain, 115; of puddle-trench 

> at the Rhyl Reservoir, 115; at 
Vyrnwy water-works, 117; from 
Ben Eay, by Lochs Clare and Cou- 
lan to the south-east of Glen Car- 
ron, 145; across the Carron Valley, 
between Loch Doule and Loch 
Carron, 148; in Loch-Ailsh pro- 
montory, 153; from Glen Finnan, 
Tioch Sheil, to Caledonian Canal, 
155; from east of Herne Bay to 
near Reculvers, 201; at east corner 
of Oldhaven Gap, 204; near east 
corner of Herne Bay, 204; at Peg- 
well Bay, 204; showing junction of 
London Clay and Oldbaven series, 
206 ; showing a portion of the upper 
part of the Carboniferous Limestone 
at Drybrook, 214 ; of Carboniferous 
strata in the Forest of Dean, 216; 
vertical diagram, Hook Norton, 
229 ; vertical diagram, Sharpshill, 
233; general vertical, Chipping 
Norton, 235; at Ottley Hill, Hook 
Norton, showing denudation of 
lower beds of Inferior Oolite, 244 ; 
from near Castell to Porth-Clais, 
268; from Porth-Clais to cliffs near 
Nun’s Chapel, 268; of junction of 
Granite with Cambrian strata, right 
bank of Allan river, Porth-Clais, 
275; showing interstratification of 
tuff and conglomerate above Lower 
Mills, St. David’s, 290; on South- 
eastern Railway near Wellington 
College, 351; from Ullapool to 
the E.S.E., 865; on the Burn of 
Calda, 368; on Poulan-drein, 370; 
from the west end of Ben Uarran 
to the road south of Inchnadamff, 
371; from Loch-Maolack Corry to 
Dhuloch More, 380; across Coni- 
veall, 383 ; up Loch Glen Coul and 
Glen Coul, 391 ; on Camas an Duin, 
399 ; of north side of Ben Arnaboll, 
403; of western escarpment of Ben 
Arnaboll, 404; at Whitten Head, 
406; in Baron-Hill Park, 473; in 
the neighbourhood of Bangor, 481 ; 
across a part of Western Australia, 
585; of the alluvial flats of the 
Severn, 611, 620. 

Seeley, Prof. H. G., on the dorsal re- 
gion of the vertebral column of a 
new Dinosaur (indicating a new 
genus, Sphenospondylus) from the 
Wealden of Brook, in the Isle of 
Wight, 55. 


GENERAL INDEX, 


Seeley, Prof. H. G., on the Dinosaurs 
from the Maastricht beds, 246. 

Seismographic apparatus, Mr. T. Gray 
on Gray and Milne’s, 218. 

Selenaria maculata, 440. 

parvicella, 441. 

punctata, 440. 

Serpentine of the Lizard, 21. 

of the Troad, 632. 

Serpentines, analyses of, 258. 

Settle and Moughton, quarries between, 
sections in, 104, 105. 

Severn, Prof. J. W. Sollas om the 
estuaries of the, and its tributaries, 
611. 

Shales, Lower Cambrian, of St.David’s, 
301; green and red, of the Lower 
Cambrian of St. David’s, 307. 

Sharpshill, vertical diagram section at, 
233. | 

Shoulder-girdle of Ichthyosaurus, Proc. 
45; of Plestosaurus, 46; of Chelone 
mydas, 47; lacertilian, 48; of 
Pipa dorsigera, 49; of Calamites 
cyaneus, 49; of Plestosaurus didu- 
chus, 58; of Plesiosaurus dolicho- 
deirus, §9; of Pliosawrus, 60; of 
Iguanodon} 82, 83. 

Shropshire, Mr. ©. J. Woodward ona 
group of minerals from Lilleshall, 
466. ' 

Silt of the Atlantic Docks, Liverpool, 
Mr. D. Robertson on the, 129. 

Smittia collaris, 438. 

Napierii, 438. 

——- turrita, 438. 

Sollas, Prof. W. J., on fossil sponges 
from the Inferior Oolite, with a 
notice of some from the Great Oolite, 
541. 

on the estuaries of the Severn 
and its tributaries: an inquiry into 
the nature and origin of their tidal 
sediment and alluvial flats, 611. 

South Africa, diamond - fields of, 
Procns: 

Sphera crassicosta, 526. 

jimbriata, 525. 

Sphenospondylus, a new genus of Dino- 
saurs, Prof. Seeley on, 55, 

Spherulites, 315. 

Sponges, Inferior-Oolite, mineral cha- 
racters of, 550. 

Sponges, Prof. W. J. Sollas on fossil, 
from the Great and Inferior Oolites, 
541. 

Steeping Beck, Lincolnshire, 599. 

Valley, mode of formation of the, 
602. 

Stockport, dvift-deposits of, 94; sec- 
tion in a ballast-pit at, 95. 
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Stonesfield, section of Great Oolite 
near, 171. 

Strathcarron, metamorphic rocks of, 
148. 

Strength-constants of Japanese rocks, 
139. 

Strome Ferry, 153. 

Stronchrubie Basin, 395. 

Stylina conifera, 180. 

solida, 180. 

Subsidence, as producing lake-valleys, 

79. : 

Surface, pre-drift, of the land, 120. 

Switzerland, Jurassic Astrorhizide and 
Lituolidz from, 25. 

Synclinal folds, as producing valley- 
lakes, 73. 


Tachylyte of the Western Isles of 
Seotland, 444. 

Teniopteris Beyrichii, Proc. 3. 

Tawney, E. B., Esq., and H. Keeping, 
Esq., on the section at Hordwell 
Cliffs from the top of the Lower 
Headon to the base of the Upper 
Bagshot Sands, 566. 

-Terebratula Tawneyi, 536. 

Tertiaries, Lower London, Mr. J. 8. 
Gardner on some modifications in 
the classification of the, 197. 

—— of the Troad, 630. 

Thamnastrea arachnoides, 558. 

concinna, 559. 

—— Lyelli, 188. 

— mammosa, 190. 

— microphylla, 188. 

Waltoni, 189. 

Thamnonema pisiforme, 549. 

Thanet beds, 200. 

Thecosmilia Slatteri, 182. 

Thracia leqguminosa, 531. - 

Studeri, 531. 

Thrust, lateral, its effects in producing 
lake-valleys, 78. : 

Thurammina papillata, 27. 

hemispherica, 28. 

Tidal mud of the Severn, microscopical 
examination of the, 613. 

sediment of the estuaries of the 
Severn and its tributaries, Prof. W. 
J. Sollas on the nature and origin of 
the, 611. 

Tomes, R. F., Esq., on the fossil Ma- 
dreporaria of the Great Oolite of 
the counties of Gloucester and Ox- 
ford, 168. 

——, on some new or imperfectly 
known Madreporaria from the Coral 
Rag and Portland Oolite of the 
counties of Wilts, Oxford, Cam- 
bridge, and York, 555, 
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Topley, W., Esq., Appendix to Mr. J. 
S. Diller’s Notes on the Geology of 
the Troad, 633. 

Torridon Sandstone, 360. 

Tortoise, young, development of plas- 
tron in, 137. 

Toxoveras Orbignyi, 488. 

Trent, modern course of the, 606 ; 
ancient gravels of the, 607 ; diver- 
sion of the, 608. 

Trent Valley, 606. 

Trias, red sand and rubble débris of 


Tricycloseris limax, 191. 

Troad, Mr. J. 8. Diller on the Geology 
of the, 627. 

, map of the, 628. 

Tuff and conglomerate, interstratifiva- 
tion of, St. David’s, 290. 

Tuts, Lower Cambrian, of St. David’s, 
295, 307; analyses of, 296, 297. . 
Tunnel-Hill cutting, fossils from the 

Upper Bagshot Sand in, 352. 
Ty-try, St. Fagans, Cardiff, section of 
quarry in Lower Lias at, 48. 


Ullapool, section from, to 8.S.E., 363 ; 
to S.E., 365; .to. E.S.E., 365; to 
the E.N.E., 366. 

river, section along south side of, 
ey section along the north side of, 
366. 

Upper Limestone of Murchison non- 
existent, 386. 

Upton, drift-deposits of, 93; section 
in sand-pit at, 93. . 


Valley-lakes, Rey. A. Irving on the 
origin of, 73. 

Vegetable remains im amber, Proc. 
66. 

Victoria, Mr. A. W. Waters on fossil 
Chilostomatous Bryozoa from, 423. 

Vine, G. R., Esq., on the Corals and 
Bryozoans of the Wenlock Shales, 
Proc. 69. 

Volcanic group of Lower Cambrian, 
St. David’s, 294. 

Vyrnwy Water-works, drift-deposits 
at, IEG: 


Wales, North, Mr. D. Mackintosh on 
the positions of boulders in, Pree. 
67 


, Mr. T. M. Reade on the Drift- 
beds of the North-west of England 
and, 83. 

Walford, E. A., Esq., on the relation 
of the so-called Northampton Sand 
of North Oxon to the Clypeus-grit, 
224, 
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Waters, A. W., Esq., on fossil Chilo- 
stomatous Bryozoa from Muddy 
Creek, Victoria, &c. 423. | 

Wealden, of Brook in the Isle of 


Wight, Prof. Seeley on the dorsal, 


region of the vertebral column of a 
new Dinosaur (Sphenospondylus) 
from the, 5d. 
Wealden fern, new to Britain, Proc. 3. 
Weaver, drifts of the valley of the, 


93. 

Wellington College, section on the 
South-Eastern Railway near, 350, 
351. 

Wenlock Shales, Mr. G. R. Vine on 
the Corals and Bryozoans of the, 
Proe. 69. 

Western Australia, section across a 
part of, 585; rock-specimens from, 
586 ; fossils from, 590. 

Western Isles of Scotland, Prof. J. 
W.Juddand Mr.G. A. Cole on the 
Basalt-glass of the, 444. 

Wethered, E., Esq.. on the Lower 
Carboniferous rocks of the Forest of 
Dean, as represented in typical sec- 
tions at Drybrook, 211. 

Whidborne, Rey. G. F., on some fos- 
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sils, chiefly Mollusca, from the 
Inferior Oolite, 487. 

Whitten Head, ground between Hope 
Ferry and, 402; section at, 406. 

Widnes, drift-deposits at, 89. 

Wigan Junction Railway, drifts on 
the, 91. 

Wiltshire, Madreporaria from, 555. , 

Wirral, drift-deposits of, 92. 

Witham Valley, 606. 

Wollaston Donation Fund, award of, 
to Prof. J. Milne, Proc. 30. 

Gold Medal, award of, to W. T. 
Blanford, Esq., Proc. 29. 

Woodward, C. J., Esq., on a group of 
minerals from Lilleshall, Salop, 466. 


Yarrow Reservoir, drift-deposits at, 
96 ; sections at, 96, 97. 

Yorkshire, Oorallian Madreporaria 
from, 555. 

——, North-west, Mr. D. Mackintosh 
on the positions of bouldersin, Proc. 
6 


7. 

Young, John, Esq., award of the 
Murchison Fund to, Proc. 31. 

——, on Cone-in-cone structure, Proc. 
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PROCEEDINGS 


OF THE 


GEOLOGICAL SOCIETY OF LONDON. 
SESSION 1882-83. 


November 1, 1882. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. 


Prof. Louis Lartet, of Toulouse, was elected a Foreign Corre- 
spondent of the Society. 


The List cf Donations to the Library was read. 


Specimens of Rocks from Costa Rica (illustrating his paper read 
on the 24th May, 1882) were presented to the Museum by G. Att- 
wood, Esq., F.G.S. 


The following communications were read :— 


1. **The Hornblendic and other Schists of the Lizard District, 
with some Additional Notes on the Serpentine.” By Prof. T. G. 
Bonney, M.A., F.R.S., Sec. G.S. 


2. “Notes on some Upper Jurassic Astrorhizide and Lituolide.” 
By Dr. Rudolf Hausler, F.G.S. 
The following specimens were exhibited :— 


Rocks and Rock-sections, exhibited by Prof. T. G. Bonney in 
illustration of his paper. 
Specimens exhibited by Dr. Hiiusler in illustration of his paper. 
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November 15, 1882. 
Dr. J. Gwyn Jerrreys, F.R.S., Vice-President, in the Chair. 


John Edmund Thomas, Esq., Dorset House, Alfred Place, Aber- 
ystwyth, and Joseph Williams, Esq., Pant-gwyn House, Holywell, 
Flintshire, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. “The Drift-beds of the North-west of England and North 
Wales.—Part 2. Their Nature, Stratigraphy, and Distribution.” 
By T. Mellard Reade, Esq., C.E., F.G.8. 


2. * On the Evidences of Glacial Action in South Brecknockshire 
and Kast Glamorganshire.” By T. W. Edgeworth David, Esq. 
Communicated by Professor J. Prestwich, F.R.S., F.G.S. 


The following specimens were exhibited :— 


Rock-specimens exhibited by Messrs. Reade and David, in illus- 
tration of their papers. 


December 6, 1882. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. 


Charles Bird, Esq., B.A., Mathematical School, Rochester ; Enoch 
Cartwright, Esq., Park View, Wood Green, Wednesbury ; Henry 
Eunson, Esq., C.E., 20 Giles Street, Northampton ; William John- 
stone, Esq., F.I.C., F.C.S., Athenseum Chambers, Lynn; Henry 
Liversidge, Esq., Jun., Portington Hall, near Howden; Henry 
George Lyons, Esq., Royal Military Academy, Woolwich; Joseph 
Mawson, Esq., St. Ives, Acol Road, West Hampstead, N.W.; Horace 
W. Monckton, Esq., Hare Court, Temple, E.C., and Junior Carlton 
Club, W.; Henry Alexander Miers, Esq., B.A., Eden Cottage, 
Beckenham, Kent; John Postlethwaite, Esq., Eskin Place, Keswick, 
Cumberland; and Thomas Viccars, Esq., The Public College, Tor- 
quay, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


A case of Rocks, Fossils, &c. from the Department of Salto, 
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Uruguay, was presented to the Museum by A. K. Mackinnon, Esq., 
F.G.S8.; and four specimens of Mexican Building-stones by F. 
Newman, Esq., F.G.S. 


The following communications were read :— 


1. “ Note on a Wealden Fern, Oleandridium (Teniopteris) Bey- 
rihit, Schenk, new to Britain.” By John E. H. Peyton, Esq., 
F.G.S. 


This fern, figured by Schenk in the ‘ Paleeontographica’ (vol. xix. 
plate xxix. figs. 6, 7), was discovered near Minden, in the North- 
west German Wealden-beds, and appears to have been hitherto 
unknown in England. It was first discovered in the Wadhurst 
Clay (‘‘ Tilgate stone” of Mantell) of the cliffs east of Hastings, by 
Mr. Charles Dawson, of Warrior Terrace, St. Leonards, who has a 
fine collection of Wealden fossils, and was brought to my notice by 
Professor Augusto de Linares, of the Valladolid University, who has 
lately discovered the Wealden in the north of Spain. 

This specimen*, which I have much pleasure in presenting to the 
Society for their Museum, I found about a fortnight ago, also in our 
local “ blue-stone” from the Wadhurst Clay of the Hastings cliffs. 

In connexion with the flora of the Wealden, I may perhaps 
mention that, besides the ordinary ferns recorded by Mantell, 
Fitton, Topley, and others, viz. Lonchopteris Mantelli, Sphenopteris 
gracilis, S. Mantelli, S. Phillipsii, S. Sillimani, &c., I have been 
fortunate enough to discover the following North-German forms :— 


Pecopteris Geinitzit, 
Pecopteris Murchisoni, 
Pierophyllum schaumburgense (Dunker), 


and an undetermined one, which I think is Sphenopteris Gepperti. 
They all occur in the beds of stone in the Wadhurst Clay, which are 
locally used for building and road-metal. 


2. “On the Mechanics of Glaciers, more especially with relation 
to their Supposed Power of Excavation.” By the Rev. A. Irving, 
M.A., F.G.S. 


A specimen of Oleandridium Beyrichii, Schenk, was exhibited, in 
illustration of Mr. J. E. H. Peyton’s communication. 


* It varies slightly from the one figured by Schenk in the nervures; and 
the midrib is ‘“‘ herring-boned.” It bears a strong resemblance to Teniopteris 
vittata (Brongn.) of the Trias (Geikie’s ‘Text-Book of Geology,’ fig. 358) ; 
compare also TY. scitamineefolia (Sternberg), from the Stonesfield beds 
(Phillips’s ‘ Geology of Oxford,’ Diagram xxx. fig. 8). 
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December 20, 1882. 
J. W. Horxs, Esq., F.R.S., President, in the Chair. 


Percival Fowler, Esq., C.E., 2 Queen Square Place, Westminster, 
S.W.; Alfred Eley Preston, Hsq., C.E., Belle-Vue, Manningham, 
Bradford, and Exchange, Bradford ; and Robert Blake White, Esq., 
C.E., 23 Anerley Park, S.E., and Medella, U.S. of Colombia, South 
America, were elected Fellows of the Society. 


The List of Donations to the Library was read. 


A specimen of Oleandridium Beyrichii, Schenk, from the Wad- 
hurst Clay of the Hastings cliffs, was presented to the Museum by 
J. E. H. Peyton, Esq., F.G.S. 


The following communications were read :— 


1. “On Generic Characters in the Order Sauropterygia.” By 
Prof. Owen, C.B., F.R.S., F.G.S., &e. 


2. “On the Origin of Valley-Lakes, mainly with reference to the 
Lakes of the Northern Alps.” By the Rev. A. Irving, B.A., B.Sc., 
EGS. 


January 10, 1883. 
J. W. Huxxs, Esq., F.R.S., President, in the Chair. 


T. W. Edgeworth David, Esq., St. Fagans, Cardiff, and Sydney, 
Australia ; the Earl of Dysart, 29 Chesham Place, 8.W.; John James 
Hamilton, Esq., Villa Clara, St. Mark’s Road, Notting Hill, W.; 
Francis Alfred Lucas, Esq., 39 Gloucester Square, Hyde Park, W.; 
and Meaburn Staniland, Esq., Jun., Harrington Hall, Spilsby, were 
elected Fellows, and Dr. Otto Torell, F.C.G.S., of Stockholm, a 
Foreign Member of the Society. 


The List of Donations to the Library was read. 


Three specimens of Rocks from the Sierra Buttes, and a spherical 
stone from a Pot-hole, North Yuba river, Sierra Nevada mountains, 
California, were presented to the Museum by F. Tendron, Esq., 
F.G.8. 
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The following name of a Fellow of the Society was read out for 
the first time in conformity with the Bye-Laws (Sect. VI. B, Art. 6), 
in consequence of the non-payment of the arrears of his contri- 
bution :—J. T. Dawes, Esq. 


The following communications were read :— 


1. “On the Lower Eocene section between Reculvers and Herne 
Bay, and on some modifications in the classification of the Lower 
London Tertiaries.” By J. 8. Gardner, Esq., F.G.S. 


2. “On Mr. Dunn’s Notes on the Diamond-fields of South Africa, 
1880.” By Francis Oats, Esq., F.G.S. 


The author referred to the hypothesis put forward in 1880 by 
Mr. Dunn (Quart. Journ. Geol. Soc. vol. xxxvii. p. 609), that the carbon 
for the production of the South-African diamonds was furnished by 
the black carbonaceous shales found throughout the district, and the 
conclusion drawn by him therefrom that therefore diamonds would 
not be found below the level of these shales. The author stated 
that the shales, so far as he knows, do not occur below 270 feet, 
whilst the ground is successfully worked for diamonds at a depth of 
350 feet. He maintained that the carbonaceous shales have nothing 
to do with the origin of the diamonds, and stated that the “ craters” 
containing the diamantiferous rock erupted quite different material 
at an earlier date; and he instanced the occurrence in the Kimberley 
mine of a mass of “dolerite” between the diamantiferous ground 
and the surrounding shales. 


The following specimens were exhibited :— 


Specimens of quartz with gold, from the Sierra Buttes Mine, Cali- 
fornia, exhibited, by F. Tendron, Esq., F.G.8. 

A Perna and other fossils from the lowest division of the Wool- 
wich and Reading Bottom Bed, in the Croydon section of the Wood- 
side and East Grinstead Railway, exhibited by H. M. Kiaassen, Esq.., 

A specimen from the Oxford Clay, exhibited by T. J. George, Esq., 
F.G.8.; and 

A series of fossils, exhibited by J. 8. Gardmer, Esq., F.G.8., in 
illustration of his paper. 
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January 24, 1883. 
J. Gwyn Jerrreys, LL.D., F.R.S., Vice-President, in the Chair. 


Walter Raleigh Browne, Esq., M. Inst. C.H., 38 Belgrave Road, 
S.W.; Thomas Charles Maggs, Esq., Yeovil; Lieut.-Col. William 
Alexander Ross, R.A., Acton House, Acton, W.: and Cecil Carus 
Wilson, Esq., Mayland Vicarage, Maldon, were elected Fellows of 
the Society. 


The List of Donations to the Library was read. 


The following name of a Fellow of the Society was read out for 
the second time in conformity with the Bye-Laws (Sec. VI. B, Art. 6), 
in consequence of the non-payment of the arrears of his contri- 
bution :—J. T. Dawes, Hisq. 


The following communications were read :— 


1. “On Streptelasma Reemeri, sp. nov., from the Wenlock Shale.” 
By Prof. P. Martin Duncan, M.B. (Lond.), F.R.S., V.P.G.8. 


2. “On Cyathophyllun Fletcheri, Edw. & H., sp.” By Prof. P. 
Martin Duncan, M.B. (Lond.), F.R.S., V.P.G.S. 


3. “On the Fossil Madreporaria of the Great Oolite of the 
Counties of Gloucester and Oxford.” By Robert F. Tomes, Hsq., 
F.G.S. 


Specimens of fossil corals were exhibited by Prof. P. M. Duncan, 
F.R.S., V.P.G.S8., and R. F. Tomes, Esq., F.G.S., in illustration of 
their papers. 


February 7, 1883. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. 


G. HE. D’Arcy Adams, Esq,, M.D., 1 Clifton Gardens, W.; Prof. 
Ferdinand Moritz Krausé, School of Mines, Ballaarat, Australia ; 
and the Rev. Alfred William Rowe, M.A., Felstead School, Essex, 
were elected Fellows, and Dr. Karl A. Zittel, of Munich, a Foreign 
“orrespondent of the Society. 
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The List of Donations to the Library was read. 


The following communications were read :— 


1. “On the Metamorphic and Overlying Rocks in parts of Ross 
and Inverness shires.” By Henry Hicks, M.D., F.G.S. With Notes 
on the Microscopic structure of some of the Rocks, by Prof. T. G. 
Bonney, M.A., F.R.S., Sec.G.S. 


2. “On the Lower Carboniferous Rocks in the Forest of Dean, as 
represented in typical sections at Drybrook.” By E. Wethered, 
Bsa:, 2 :G.8.. F.C8, 


Specimens were exhibited by Dr. Hicks and EH. Wethered, Esq., 
in illustration of their papers. 
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ANNUAL GENERAL MEETING, 
February 16, 1883. 


J. W. Hux, Esq., F.R.S., President, in the Chair. 


REPORT OF THE Councin FoR 1882. 


In presenting their Report for the year 1882, the Council of the 
Geological Society regret that they are unable to announce to the 
Fellows any marked general improvement in the condition of the 
Society’s affairs, as compared with that shown in their last year’s 
Report. In one particular, indeed, there is, unfortunately, a falling 
off, the number of Fellows of the Society having suffered an actual, 
although very small, decrease. This continued depression is evi- 
dently due to the same causes that were indicated last year, and 
therefore, it is to be hoped, of a temporary nature; and it is some 
satisfaction to find that the Income of the Society during the past 
year showed an increase upon that of the year 1881. 

The number of Fellows elected during the year is 45, of whom 
36 paid their fees before the end of the year, making, with 7 pre- 
viously elected Fellows who paid their fees in 1882, a total accession 
during the year of only 43 Fellows. Against this we have to set 
the loss by death of 27 Fellows, and by resignation of 13 Fellows, 
while 4 Fellows were removed from the list for non-payment of 
contributions, making a total loss of 44 Fellows. On the year, 
therefore, there is a loss of 1 Fellow. But of the 27 Fellows 
deceased, 5 were compounders, and 10 non-contributing Fellows, 
while 1 non-contributing Fellow became resident; and thus the 
number of contributing Fellows is actually increased by 9, being 
now 800. 

The total number of Fellows and Foreign Members and Corre- 
spondents was 1443 at the end of the year 1881, and 1441 at the 
end of 1882. 

At the end of the year 1881 there was one vacancy in the list of 
Foreign Members; and during 1882 intelligence was received of the 
death of 2 Foreign Members. ‘Two of these vacancies in the list of 
Foreign Members were filled up during the year. The death of a 
Foreign Correspondent in 1882, and the filling-up of the above- 
mentioned vacancies in the list of Foreign Members produced three 
vacancies in the list of Foreign Correspondents, two of which were 
filled up during the year. ‘Thus at the close of 1882 there was one 
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vacancy in each of the Foreign lists, both of which have since 
been filled. 

The total Receipts on account of Income for the year 1832 were 
£2663 16s. 2d., being £9 2s. 4d. less than the estimated Income 
for the year. The total Expenditure, on the other hand, amounted 
to £2644 19s. 5d., or £118 3s. 7d. more than the estimated Expen- 
diture of the year, the excess being chiefly incurred in connexion 
with the production of the Quarterly Journal. 

At the desire of the President, who kindly bore half the expense 
of the evening, a Conversazione was held in the Society’s Rooms on 
the 24th November last. The attendance was hardly so numerous 
as might have been expected ; but in all other respects the entertain- 
ment was highly successful. 

The Council have to announce that Mr. G. W. Ormerod has kindly 
prepared a Second Supplement to his valuable Classified Index to the 
publications of the Society, including the volumes of the Quarterly 
Journal published from 1876 to 1882 inclusive (Vols. XXXII. to 
XXXVIII.). The thanks of the Society are due to Mr. Ormerod 
for the labour and care he has devoted to the task of keeping this 
useful guide to the contents of the Society’s Publications up to date. 
The manuscript of this Second Supplement has been furnished by 
Mr. Ormerod, and is now in the printer’s hands. It will be of 
about the same size as the First Supplement (published in 1876), and 
will be issued to Fellows at the same price, namely one shilling. 

The Council have to announce the completion of Vol. XX XVIII. 
and the commencement of Vol. XX XIX. of the Society’s Quarterly 
Journal. 

The Council have awarded the Wollaston Medal to W. T. Blanford, 
Esq., F.R.S., F.G.S., in recognition of services rendered by him to 
Geology in Abyssinia and Eastern Persia, and during his long-con- 
tinued labours in connexion with the Geological Survey of India. 

The Murchison Medal, with the sum of Ten Guineas from the 
proceeds of the Fund, has been awarded to Professor H. R. Goppert, 
F.M.G.S., in testimony of appreciation of his valuable researches in 
connexion with Paleozoic Botany, which have extended over a 
period of 50 years. 

The Lyell Medal, with a sum of Twenty-five Pounds from the 
proceeds of the Fund, has been awarded to Dr. W. B. Carpenter, 
C.B., F.R.S., F.G.S., in recognition of the value of his investigations 
into the Microscopic Structure of Fossils, especially the Foraminifera, 
and of his labours in connexion with the exploration of the deeper 
parts of the Ocean. 

The Bigsby Medal has been awarded to Henry Hicks, M.D., F.G.S., 
as a token of appreciation of the importance of his labours among 
the Oldest Fossiliferous and Archzean Rocks of the British Islands. 

The balance of the proceeds of the Wollaston Donation Fund has 
been awarded to Professor John Milne, F.G.S., in recognition of the 
interest attaching to his valuable investigations into the Earthquake- 
phenomena of Japan, and to assist him in further seismic observa- 
tions. 
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The balance of the proceeds of the Murchison Donation Fund has 
been awarded to John Young, Esq., F.G.S., Curator of the Hunterian 
Museum in the University of Glasgow, in recognition of his long- 
continued researches among the Polyzoa and other minute fossil 
organisms of the Carboniferous strata of the west of Scotland, and 
to assist him in further investigations of a like kind. 

The balance of the proceeds of the Lyell Donation Fund has 
been awarded, in equal parts, to P. H. Carpenter, Esq., M.A., as a 
testimony to the importance of his investigations into the structure 
and relationships of the fossil Crinoidea, and to assist him in extend- 
ing his researches to the order Blastoidea; and to M. Rigaux, of 
Boulogne, in recognition of the value of his investigations upon the 
fossils of the Devonian and Jurassic series of the Boulonnais, and to 
aid him in the further prosecution of his researches. 


Report oF THE LrpRaARY AND Musrum CoMMITTEE. 


Labrary, 


Since the last Anniversary Meeting a great number of valuable 
additions have been made to the Library, both by donation and by 
purchase. 

As Donations the Library has received about 107 volumes of sepa- 
rately published works and Survey Reports, and about 188 Pamphlets 
and separate impressions of Memoirs; also about 137 volumes and 
102 detached parts of the publications of various Societies, and 16 
volumes of independent Periodicals presented chiefly by their re- 
spective Editors, besides 22 volumes of Newspapers of various 
kinds. This will constitute a total addition to the Society’s Library, 
by donation, of about 310 volumes and 188 pamphlets. 

A considerable number of Maps, Plans, and Sections have been 
added to the Society’s collections by presentation from various Geo- 
logical Surveys, from the Ordnance Survey of Great Britain, and 
from the French Dépot de la Marine. They amount all together to 

70 sheets, and include 225 sheets from the Ordnance Survey, and 
26 sheets from the Dépdot de la Marine; the Geological Surveys 
from which Maps have been received are those of Belgium, Finland, 
Saxony, Sweden, and Switzerland. 

The Books and Maps just referred to have been received from 
127 personal Donors, the Editors or Publishers of 15 Periodicals, 
and 140 Societies, Surveys, and other Public Bodies, making in all 
283 Donors. 

By Purchase, on the recommendation of the Standing Library 
Committee, the Library has received the addition of 50 volumes of 
Books, and of 44 parts (making about 8 volumes) of Periodicals, 
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besides 38 parts of various works published serially. Of the Geological 
Survey Map of France, 4 sheets and a sheet of sections have been 
obtained by purchase; and the Society has also purchased M. Ley- 
merie’s Geological Map of the Haute Garonne in 1 sheet, and a copy 
of the ‘ Carta Geologica d’ Italia,’ in 2 sheets. 

The cost of Books, Periodicals, and Maps during the year 1882 
was £72 12s. 7d., and of Binding £36 14s. 10d. There was also 
expended on the mounting of Maps a sum of £13 13s. 4d., and on 
mounting the new Library Catalogue on writing-paper, in two 
volumes, £1 16s. 8d. The total expenditure on account of the 
Library was £124 17s. 5d. 

The Books in the Society’s Library are generally in good con- 
dition; and the bindings of many of the older volumes have been 
repaired during the past year. The Library continues to be much 
consulted by the Fellows of the Society. 


Museum. 


The Collections in the Museum remain in much the same con- 
dition as at the date of the last Report of the Committee. 

During the year 1882 several interesting Donations have been 
made to the Museum, including :—Rock-specimens from Costa Rica, 
presented by G. Attwood, Esq., F.G.S., and a specimen of Olean- 
dridium Beyrichii, Schenk, from the Wealden, near Hastings, pre- 
sented by J. H. H. Peyton, Esq., F.G.S., in illustration of communi- 
cations read before the Society ; a fine example of Platax altissumus, 
from Monte Bolea, presented by Lieut.-General Randolph; four 
specimens of building-stones in common use in Mexico, presented 
by F. Newman, Hsq., F.G.S.; and a case of fossils, rocks, and 
minerals from the Department of Salto, Uruguay, presented by 
A. Mackinnon, Hsq., F.G.S. 
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CoMPARATIVE STATEMENT OF THE NUMBER OF THE SOCIETY AT THE 
CLOSE OF THE YEARS 188] anp 1882. 


Dee. 3k, t8sl. Dec. 31, 1882. 

Compounders)..c. oo. see Po DAMM ee 312 
Contributing Fellows... .. os dbs eee atenee 800 
Non-contributing Fellows .. BO. pn eeaee 248 
| 1361 1360 

Honorary Members ...... Sk € er eee 3 
Foreign Members ........ 8)” wh ad 39 
Foreign Correspondents... . BOLT Mie Sater 39 
1443 Ce 


General Statement eaplanatory of the Alterations in the Number of 
Fellows, Honorary Members, Sc. at the close of the years 1881 and 
1882. 


Number of Compounders, Contributing and Non- 1361 
contributing Fellows, December 31, 1881 .... 


Add Fellows elected during former year and paid 7 
Tog Reto) ee arrests nee Seu alta Ramer Rarer ca <5 } 
Add Fellows elected and paid in 1882 ........ 36 
1404 
Deduct Compounders deceased .............. 5 
Contributing Fellows deceased ........ 12 
Non-contributing Fellows deceased .... 10 
Contributing Fellows resigned ........ 13 
Contributing Fellows removed ........ ey 
— 44 
1360 
Number of Honorary Members, Foreign 
Members, and Foreign Correspondents, 82 
Decemiper ole MessiWrrice S505 os ace n «eee 
Deduct Foreign Members deceased .. ..... 2 
Foreign Correspondent deceased.... 1 
Foreign Correspondents elected 
Foreign) Members <:......4 a: } 
— 5 
an 
Add Foreign Members elected ...... eae 
Foreign Correspondents elected ...... 2 
— 4 
— 81 


1441 
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DECEASED FELLOWS. 


Compounders (5). 


Darwin, C. R., Esq. Stow, G. W., Esq. 
Parish, Sir Woodbine. White, J., Esq. 
Perry, Sir T. Erskine. 


Resident and other Contributing Fellows (12). 


Adams, Prof. A. Leith. Moggridge, M., Esq. 
Brown, R., Esq. Molyneux, W., Esq. 
Davies, Rev. E. Napier, C. G., Esq. 
Francis, H., Esq. Norman, G. W., Esq. 
Grimshaw, W. J., Esq. Sharp, S., Esq. 
Mitchell, R., Esq. Tawney, E. B., Esq. 


Non-contributing Fellows (10). 


Blanshard, H., Esq. | Moffat, Dr. T. 
Calvert, J., Esq. | Noyes, T. H., Esq. 


Falconer, T., Esq. Thomson, Sir Wyville. 
Hore, Rev. W. 8. Ward, Rev. J. 
MacLauchlan, H., Esq. Wood, Rev. H. H. 


Foreign Members (2). 
Desor, Prof. E. | Rogers, Prof. W. B. 


Foreign Correspondent. 
Kobell, Prof. F. Ritter von. 


Fellows Resigned (13). 


Brooke, Sir V. A., Bart. Marshall, J., Esq. 
Cherry, J. L., Esq. Pooley, E., Esq. - 
Etheridge, R., jun., Esq. Richardson, Dr. C. T. 
Griffiths, E. H., Esq. Shrubsole, W. H., Esq. 
Guppy, R. J. L., Esq. Slatter, G. W., Esq. 
Johnston, Dr. W. Vyse, G. W., Esq. 


Leach, Rev. C. 


Fellows Removed (4). 


Dyke, HE. G., Esq. Maury, M. F., jun., Esq. 
Lucas, Joseph, Esq. Williamson, E., Esq. 
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The following Personages were elected from the List of Foreign Cor- 
respondents to fill the vacancies in the Last of Foreign Members 
during the year 1882. 


Professor Sven Lovén of Stockholm. 
Professor Ludwig Ritimeyer of Basle. 


The following Personages were elected Foreign Correspondents during 
the year 1882. 


Professor Louis Lartet of Toulouse. 
Professor Alphonse Milne-~Edwards of Paris. 


After the Reports had been read, it was resolved :— 


That they be received and entered on the Minutes of the Meeting, 
and that such parts of them as the Council shall think fit be printed 
and distributed among the Fellows. 


It was afterwards resolved :— 


That the thanks of the Society be given to Professor N. 8. Maske- 
lyne and Professor J. Morris, retiring from the office of Vice- 
President. 


That the thanks of the Society be given to J.C. Hawkshaw, Esq., 
Sir J. Lubbock, Bart., Professor N.S. Maskelyne, Professor J. Morris, 
and Dr. H. Woodward, retiring from the Council. 


After the Balloting-glasses had been duly closed, and the Lists 
examined by the Scrutineers, the following gentlemen were declared 
to have been duly elected as the Officers and Council for the ensuing ~ 
year :— 
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OFFICERS. 


PRESIDENT. 
J: W. Hulke, Esq.,.F.R.S. 


VICE-PRESIDENTS. 


Prof. P. M. Duncan, M.B., F.R.S. 
R. Etheridge, Esq., F.R.S. 

J. Gwyn Jeffreys, LL.D., F.R.S. 
Prof. J. Prestwich, M.A., F.R.S8. 


SHCRETARIES, 


Prof. T. G. Bonney, M.A., F.R.S. 
Prof. J. W. Judd, F.R.S. 


FOREIGN SECRETARY. 
W. W. Smyth, Esq., M.A., F.R.S. 


TREASURER. 
Prof. T. Wiltshire, M.A., F.L.S8. 


COUNCIL. 


H. Bauerman, Esq. 

W. T. Blanford, Esq., F.R.S. 
Prof. T. G. Bonney, M.A., F.R.S. 
W. Carruthers, Esq., F.R.S. 
Prof. P. M. Duncan, M.B., F.R.S. 
R. Etheridge, Esq., F.R.S. 

J, Hyans, D.C1., LUD: E.R:S. 
A. Geikie, LL.D., F.BS. 

Rey. Edwin Hill, M.A. 

G. J. Hinde, Ph.D. 

Prof. T. M*Kenny Hughes, M.A. 
J. W. Hulke, Esq., F.R.S. 


J. Gwyn Jeffreys, LL.D., F.R.S. 

Prof. T. Rupert Jones, F.R.S. 

Prof. J. W. Judd, F.R.S. 

S. R. Pattison, Esq. 

J. A. Phillips, Esq., F.R.S. 

Prof. J. Prestwich, M.A., F.R.S. 

F. W. Rudler, Esq. 

Prof. H. G. Seeley, F.R.S. 

Warington W.Smyth, Esq., M.A., 
F.R.S. 

| W. Topley, Esq. 

| Prof. T. Wiltshire, M.A., F.L.S. 
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LIST OF 


THE FOREIGN MEMBERS 


OF THE GEOLOGICAL SOCIETY OF LONDON, x 1882. 


Date of 
Hlection. 


1827. Dr. H. von Dechen, Bonn. 

1844, William Burton Rogers, Esq., Boston, U. S. (Deceased.) 
1848. James Hall, Esq., Albany, State of New York. 
1850. Professor Bernhard Studer, Berne. 

1851. Professor James D. Dana, New Haven, Connecticut. 
1853. Count Alexander von Keyserling, Raykiill, Russia. 
1853. Professor L.G. de Koninck, Liége. 

1854, M. Joachim Barrande, Prague. 

1856. Professor Robert Bunsen, For. Mem. R.S., Hecdelberg. 
1857, Professor H. R. Goppert, Breslau. 

1857. Professor H. B. Geinitz, Dresden. 

1857. Dr. Hermann Abich, Vienna. 

1859. Dr. Ferdinand Romer, Breslau. 

1860. Dr. H. Milne-Edwards, For. Mem. R.S., Paris. 
1862. Professor Pierre Merian, Basle. 

1864. M. Jules Desnoyers, Paris. 

1866. Dr. Joseph Leidy, Philadelphia. 

1867. Professor A. Daubrée, For. Mem. R.S., Paras. 
1870. Professor Oswald Heer, Zurich. 

1871. Dr. Sven Nilsson, Lund. 

1871. Dy. Franz Ritter von Hauer, Vienna. 

1874. Professor Alphonse Favre, Geneva. 

1874. Professor E. Hébert, Paris. 

1874. Professor Edouard Desor, Neuchatel. (Deceased.) 
1874. Professor Albert Gaudry, Pars. 

1875, Professor Fridolin Sandberger, Wiirzburg. 

1875. Professor Theodor Kjerulf, Christiania. 

1875. Professor F. August Quenstedt, Tiibingen. 

1876. Professor E. Beyrich, Berlin. 

1877. Dr. Carl Wilhelm Giimbel, Munich. 

1877. Dr. Eduard Suess, Vienna. 

1879. Dr. F. V. Hayden, Washington. 

1879. Major-General N. von Kokscharow, St. Petersburg. 
1879. M. Jules Marcou, Cambridge, U.S. 

1879. Dr. J. J. 8. Steenstrup, For. Mem.R.8., Copenhagen. 
1880. Professor Gustave Dewalque, Lrége. 

1880. Baron Adolf Erik Nordenskiéld, Stockholm. 

1880. Professor Ferdinand Zirkel, Leipzig. 

1881. Il Commendatore Quintino Sella, Rome. 

1882. Professor Sven Lovén, Stockholm. 

1882. Professor Ludwig Riitimeyer, Basle. 
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LIST OF 


THE FOREIGN CORRESPONDENTS 
OF THE GEOLOGICAL SOCIETY OF LONDON, 1 18832. 


Date of 
Election. 


1863. Dr. G. F. Jager, Stuttgart. 

1863. Count A. G. Marschall, Vienna. 

1865. Professor G. Meneghini, Pisa. 

1863. Professor Giuseppe Ponzi, Rome. 

1863. Dr. F. Senft, Eisenach. 

1864. Dr. Charles Martins, Montpellier. 

1866. Professor J. P. Lesley, Philadelphia. 

1866. Professor Victor Raulin, Bordeaux. 

1866. Baron Achille de Zigno, Padua. 

1870. Professor Joseph Szabo, Pesth. 

1870. Professor Otto Torell, Land. 

1871. M. Henri Coquand, Marseilles. 

1871. Professor Giovanni Capellini, Bologna. 
1872. Herr Dionys Stur, Vienna. 

1872. Professor J. D. Whitney, Cambridge, U. 8. 
1874, Professor Igino Cocchi, florence. 

1874. M. Gustave H. Cotteau, Auzerre. 

1874. Professor G. Seguenza, Messina. 

1874. Dr. J. 8. Newberry, New York. 

1874. Dr. T. C. Winkler, Haarlem. 

1875. Professor Gustay Tschermak, Vienna. 

1876. Professor Jules Gosselet, Lille. 

1877. Professor George J. Brush, New Haven. 
1877. Professor A. L. O. Des Cloizeaux, For. Mem.R.S., Paris. 
1877. Professor EK. Renevier, Lausanne. 

1877. Count Gaston de Saporta, Aix-en-Provence. 
1879. Professor Pierre J. van Beneden, For.Mem.R.S., Louvain. 
1879. M. Edouard Dupont, Brussels. 

1879. Professor Guglielmo Guiscardi, Naples. 
1879. Professor Franz Ritter von Kobell, Munich. (Deceased.) 
1879. Professor Gerhard Vom Rath, Bonn. 

1879. Dr. Emile Sauvage, Paris. 

1880. Professor Luigi Bellardi, Turin. 

1880. Dr. Ferdinand von Hochstetter, Vienna. 
1880. Professor Leo Lesquereux, Columbus. 

1880. Dr. Melchior Neumayr, Vienna. 

1880. M. Alphonse Renard, Brussels. 

1881. Professor EK. D. Cope, Philadelphia. 

1882. Professor Louis Lartet, Toulouse. 

1882. Professor Alphonse Milne-Edwards, Paris. 
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AWARDS OF THE WOLLASTON MEDAL 


UNDER THE CONDITIONS OF THE ‘‘ DONATION FUND” 


ESTABLISHED BY 
WILLIAM HYDE WOLLASTON, M.D., E.R.S., F.G.S., &c. 


‘To promote researches concerning the mineral structure of the earth, 
and to enable the Council of the Geological Society to reward those 
individuals of any country by whom such researches may hereafter be 
made,”—“ such individual not being a Member of the Council.”’ 


1831. Mr. William Smith. 1858 ae Hermann von Meyer. 
1885. Dr. G. A. Mantell. Mr. James Hall. 
1836. M. L. Agassiz. 1859, Mr. Charles Darwin. 
1837. ae T. P. Cautley. 1860. Mr. Searles V. Wood. 

Dr. H. Falconer. 1861. Professor Dr. H. G. Bronn. 
1838. Professor R. Owen. 1862. Mr. R. A. C. Godwin-Austen. 
1839. Professor C. G. Ehrenberg. 1865. Professor Gustav Bischof. 
1840, Professor A. H. Dumont. 1864. Sir R. I. Murchison. 
1841. M. Adolphe T. Brongniart. | 1865. Dr. Thomas Davidson. 
1842. Baron L. von Buch. 1866. Sir Charles Lyell. 
1343. a Elie de Beaumont. 1867. Mr. G. Poulett Scrope. 

M. P. A. Daufrénoy. 1868. Professor Carl F. Naumann. 
1844. Rev. W. D. Conybeare. 1869. Dr. H. C. Sorby. 
1845. Professor John Phillips. 1870. Professor G. P. Deshayes. 
1846. Mr. William Lonsdale. 1871. Sir A. C. Ramsay. 
1847. Dr. Ami Boué. 1872. Professor J. D. Dana. 
1848. Rev. Dr. W. Buckland. 1873. Sir P. de M. Grey-Egerton. 
1849, Professor Joseph Prestwich. | 1874. Professor Oswald Heer. 
1850. Mr. William Hopkins. 1875. Professor L. G. de Koninck. 
1851. Rev. Prof. A. Sedgwick. 1876. Professor T. H. Huxley. 
1852. Dr. W. H. Fitton. 1877. Mr. Robert Mallet. 
1853 he le Vicomte A. d’Archiac. | 1878. Dr. Thomas Wright. 

’ |M. E. de Verneuil. 1879. Professor Bernhard Studer. 
1854. Sir Richard Griffith. 1880. Professor Auguste Daubrée. 
1855. Sir H. T. De la Beche. 1881. Professor P. Martin Duncan. 
1856, Sir W. EK, Logan. 1882. Dr. Franz Ritter von Hauer. 


1857. M. Joachim Barrande. 1883. Mr. W. T. Blanford. 


1831. 
1833. 
1854. 
1835. 
1836. 
1838. 
1839. 
1840. 
1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 


1848. 


1849. 
1850. 
1851. 
1852. 
1853. 
1854, 
1855. 
1856. 
1857. 
1858. 
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AWARDS 


OF THE 
BALANCE OF THE PROCEEDS OF THE WOLLASTON 


“ DONATION-FUND.” 


Mr. William Smith. 

Mr. William Lonsdale. 
M. Louis Agassiz. 

Dr. G. A. Mantell. 
Professor G. P. Deshayes. 
Professor Richard Owen. 
Professor C. G. Ehrenberg. 
Mr, J. De Carle Sowerby. 
Professor Edward Forbes. 
Professor John Morris. 
Professor John Morris. 
Mr. William Lonsdale. 
Mr. Geddes Bain. 

Mr. William Lonsdale. 
M. Alcide d’Orbigny. 


Cape-of-Good-Hope Fossils. 


M. Alcide d’Orbigny. 
Mr. William Lonsdale. 
Professor John Morris. 
M. Joachim Barrande. 
Professor John Morris. 


Professor L. G. de Koninck. 


Mr. 8S. P. Woodward. 

Drs. G. and F. Sandberger. 
Professor G. P. Deshayes. 
Mr. S. P. Woodward. 

Mr. James Hall. 


1859. 
1860. 


1861. 
1862. 
1865. 
1864. 
1865. 
1866. 
1867. 
1868. 
1869. 
1870. 
1871. 
1872. 
1875. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1885. 


=, 


Mr. Charles Peach. 
Professor T. Rupert Jones. 

ae W. K. Parker. 

Professor A. Daubrée. 

Professor Oswald Heer. 

Professor Ferdinand Senft. 

Professor G. P. Deshayes. 

Mr. J. W. Salter. 

Dr. Henry Woodward. 

Mr. W. H. Baily. 

M. J. Bosquet. 

Mr. W. Carruthers. 

M. Marie Rouault. 

Mr. R. Etheridge. 

Mr. James Croll. 

Professor J. W. Judd. 

Dr. Henri Nyst. 

Mr. L. C. Miall. 

Professor Giuseppe Seguenza. 

Mr. R. Etheridge, Jun. 

Mr. W. J. Sollas. 

Mr. 8. Allport. 

Mr. Thomas Davies. 

Dr. R. H. Traquair. 

Dr. G. J. Hinde. 

Professor J. Milne. 


AWARDS OF THE MURCHISON MEDAL 


AND OF THE 


PROCEEDS OF “THE MURCHISON GEOLOGICAL FUND,” 


ESTABLISHED UNDER THE WILL OF THE LATE 
SIR RODERICK IMPEY MURCHISON, Barr., F.R.S., F.GS. 


‘To be applied in every consecutive year in such manner as the Council 
of the Society may deem most useful in advancing geological science, 
whether by granting sums of money to travellers in pursuit of know- 
ledge, to authors of memoirs, or to persons actually employed in any 
inquiries bearing upon the science of geology, or in rewarding any 
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. 
such travellers, authors, or other persons, and the Medal to be given 
to some person to whom such Council shall grant any sum of money 
or recompense in respect of geological science.” 


1873. 
1873. 
1874. 
1874. 
1874. 
1875. 
1875. 
1876. 
1876. 
1877. 
1877. 
1878. 


ESTABLISHED UNDER. THE WILL AND CODICIL 


Mr. William Davies. Medal. 
Professor Oswald Heer. 

Dr. J. J. Bigsby. Medal. 
Mr. Alfred Bell. 

Professor Ralph Tate. 

Mr. W. J. Henwood. Medal. 
Prof. H. G. Seeley. 

Mr. A. R.C. Selwyn. Medal. 
Mr. James Croll. 


Rev. W. B. Clarke. Medal. 
Rev. J. F. Blake. 
Dr. H. B. Geinitz. Medal. 


1878. 
1879. 
1879. 
1880. 
1881. 
1881. 
1882. 
1882. 
1883. 


1885. 


Mr. C. Lapworth. 

Professor F. M‘Coy. Medal. 

Mr. J. W. Kirkby. 

Mr. R. Etheridge. Medal. 

Professor A.Geikie. Medal. 

Mr. F. Rutley. 

Professor J.Gosselet. Medal. 

Professor 'T. Rupert Jones. 

Professor H. R. Gdppert. 
Medal. 

Mr. John Young. 


AWARDS OF THE LYELL MEDAL 


AND OF THE 


PROCEEDS OF THE “LYELL GEOLOGICAL FUND,” 


OF THE LATE 


SIR CHARLES LYELL, Barr... F.R.S., F.G.S8. 


The Medal ‘to be given annually” (or from time to time) “as a mark of 
honorary distinction as an expression on the part of the governing 
body of the Society that the Medallist has deserved well of the 
Science,”—‘‘ not less than one third of the annual interest [of the 
fund | to accompany the Medal, the remaining interest to be given in — 
one or more portions at the discretion of the Council for the encou- 
ragement of Geology or of any of the allied sciences by which they 
shall consider Geology to have been most materially advanced.” 


1876. 


1877. 
Sif. 
1878. 
1878. 
1879. 


1879. 
1879. 
1880. 


Professor John Morris. 
Medal. 
Dr. James Hector. Medal. 


Mr. W. Pengelly. 

Mr. G. Busk. Medal. 

Dr. W. Waagen. 

Professor Edmond Hébert. 
Medal. 

Professor H. A. Nicholson. 

Dr. Henry Woodward. 

Mr. John Evans. Medal. 


1880. 
1881. 


1881. 
1881. 
1882. 
1882. 
1882. 
1883. 
1883. 


1883 


Professor F. Quenstedt. 

Principal J. W. Dawson. 
Medal. 

Dr. Anton Fritsch. 

Mr. G. R. Vine. 

Dr. J. Lycett. Medal. 

Rev. Norman Glass. 

Professor C. Lapworth. 

Dr. W. B. Carpenter. Meda. 

Mr. P. H. Carpenter. 

M. E. Rigaux. 
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AWARDS OF THE BIGSBY MEDAL, 
FOUNDED BY 
Dr. J. J. BIGSBY, F-.R.S., F.G:S. 


To be awarded biennially “as an acknowledgment of eminent services 
in any department of Geology, irrespective of the receiver’s country ; 
but he must not be older than 45 years at his last birthday, thus 
probably not too old for further work, and not too young to have done 
much.” ; 


1877. Professor O. C. Marsh. 1881. Dr. C. Barrois. 
1879. Professor E. D. Cope. 1883. Dr. Henry Hicks. 


AWARDS OF THE PROCEEDS OF THE BARLOW- 
JAMESON FUND, 


ESTABLISHED UNDER THE WILL OF THE LATE 


Dr. H. C. BARLOW, F.GS. 


“The perpetual interest to be applied every two or three years, as may 
be approved by the Council, to or for the advancement of Geological 
Science.” 


1880. Purchase of microscope. 1882. Baron C. von Ettingshausen. 
1881. Purchase of microscope lamps. 


VOL. XXXIX., ; € 
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Estimates for 
INCOME EXPECTED. 
£ s. d.. Lapse: 
Due for Subscriptions for Quarterly Journal .. 3 4 0 
Due for Arrears of Annual Contributions ...... 190 0 0 
Due for Arrears of Admission-fees ............ 50 8 0 
2438 12 0 


Estimated Ordinary Income for 1883 :— 
Annual Contributions from Resident Fellows, and Non- 


residents ‘of 1899. 10 186h 1. cis eet wiv ae bone 1420 0 0 

Sh dhawstonctoes o<.- See ca eetame aes ak< coN eee 226 16 0 
COMPOSIMONS to, em tin elena sadehote ee osok te eee 199 10 0 
Annual Contributions in advance .......e.seeeeeees 21 0 O 
Dividends on Consols and Reduced 3 per Cents ........4. 233 0 11 
Advertisements in Quarterly Journal............0c00 eee 810 0 


Sale of Transactions, Library-catalocue, Orme- 
rod’s Index, Hochstetter’s New Zealand, and 
Naish or slellonys jen. fn ise. a akin ees as SA 10 05-0 


Sale of Quarterly Journal, including Longman’s 
account 


Sale of Geological Map, including Stanford’s 
AOCO UE 5 sheydce a otek 5 plea ee blo 4s Haieiele leis ity « 20 0)0 


£2607 8 11 


THOMAS, WILTSHIRE, Treas. 
7 Feb. 1883, 
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the Year 18838. 


EXPENDITURE ESTIMATED. 
sda rae 8, Gs 
House Expenditure : 


PANES itch JNSUTANCE: |. acaace sayencaedelwovsiemsacsess 36 3 9 
ES Sah Ant Rein Aaa Be ge ea Abe RO RR emi ee 25 0-0 
DE OCh eats oc oeiat itseiarcts yplniea sin aniie'acs'ca we aie 35 0 0 
TENERTINGUES 5 28 fe Mets savior ch w scales ciieigols doe went eeves 157 0.0 
House-repairs and Maintenance.................. 20 0 O 
PRTaNTUNL CLE ME oa paieam aainaves Mastriamee sian senteleee 207 Oese 
Washing and sundry small Expenses ......... 35 0 0 
Darah Mectin a Sihts 5 Jan. <emcsew emt vem stiecean sepia 16 0 0 
‘202 8 9 
Salaries and Wages: 
AD SIEAM SYS CEROLALY | <sescvesiesavine/scnlsecoanverwocee' 350 0 O 
OMe tN ap opis vaste Sp eax e+ oes oaeeaveckaedieatlenes eae 160 0 O 
Assistant in Library and Museum ............... LOL Oy '0 
ELOISE SLOW EEE: «sn. seen da csionldosceubedsansneincnesecs 105 0 Q 
MPMI MACE late e sat gowertenectoxcecardeevaenare teres 40 0 0 
WON AEG aa ieaicat S<a.deeeccesesncmecewcvandanens 41 12 0 
Charwoman and Occasional Assistance......... 30 0 0 
Attendants at Meetings .....,.....csesssseseseeess 8 0 0 
UCC MMNTUEANIG Ss 5 Paid conic ts ocsisi'esiiste eae deniilardeisnd sna 10 10 O 
855 2 0 
Official Expenditure : 
ae OMY aris hans dev cect tie vacevnaatacas seus sew ot 25 0 0 
Miscellaneous Printing ............s000008 ree 20: OO 
Postages and other expenses ...............00006- 62 oO) 0 
107 O70 
MUA ays aca! assoc 5 vizgee| es SAE ic oer AS Secale. Akan alate . 125 0 0 
Publications : 
CeO BiG a EA ON 4. Suanscda te cna tewatweiese4lcesb 16 LO 
QOuantewly:, Journal o2s. ccc sassscrnss ewes siswnensess 1000 0 O 
i - Commission, Postage, 
ANG AGOEOSSIN GT, Navcnocvaniicedseoes snviavee’ 100 0 O 
MShOL UOUOWS) -sac¢savcee cach cavesacanerdsackareue op -Og0 
Abstracts, including Postage ..........-..s0s0 105 0 O 
Ormerod a UGX, ag. csotatanycus ecdle rive aeteedest 33 10 O 
- 1289 10 O 
Balance in favour of the Society........ ; 28 13 2 


£2607 811 


é2a 
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Income and Expenditure during the 
RECEIPTS. 


£ s. d. “Sse 
Balance in Bankers’ hands, 1 January 1882. 66 3 10 
Balance in Clerk’s hands, 1 January 1882. 1416 7 

—. ro) 

Com positioner Ween oe ee reat ee dc eke ee eee 1991070 
Arrears of Admission-fees................ AAS 28 
Admission-tees, 1882 fe iv ee eee ieee 22671670 

eee 

Arrears of Annual Contributions ... .& s.5. 6.) en lee 201 19 6 

Annual Contributions for 1882, viz. :— 

Resident Fellows ......... 1402 5 6 
Non-Resident Fellows ... 20 9 6 

—— 143027150 

Annual Contributions a, -albvamee:s:... 400 be sicnc eee Dal 60 
Dividends on Conmsols «222. >s2<..0. 056s 202 140 
a Reduced 3 per Cents ...... 30 61d 

ee 


Taylor & Francis: Advertisements in Journal, Vol.37.. 9 9 O 
Publications : 


Saleor Journal, Vole; 137 fic o.soecocoentee 166-"Sa00 
a NOL OSt cccecutcurcs aeaceepe 91137 
Sale of Library Catalogue ..................++- 7 13.90 
Nilevor Geological Map: o.2 veaeteatsc-e-cncce- 3112 8 
Salle:of Ormerod?s Index. i.22..0. 0. ccssaettocese 1S 
Sale of Hochstetter’s New Zealand .......... 0 6 0 
Sale of Dist of Hellows®.2:.cis.c0<0s.ceete eens O10 
298 17 9 
*Due from Messrs. Longman, in addition to the 
above, on Journal, Vol. 38, &c.......... Rear ee: 63 12 4 
Due from Stanford on account of Geological Map 1015 O 
(hep iho a: 
£2744 16 7 
We have compared this statement 
with the Books and Accounts presented 
to us, and find them to agree. 
(Signed) H. BAUERMAN, ih 
W. H. HUDLESTON, ¢ 4"%rs 


7 Feb. 1883. 


FINANCIAL REPORT. 


Year ending 31 December, 1882. 


EXPENDITURE. 

House Expenditure: ase 
SEED rte ds Salok yaa Sn eciasias stra ge dua ctee aoaaies £5 10 
IPe-SASUT AEE osc ones od ne oe <a eRe 120 0 
EAE oasis nee sida danse Ui Bnladse saadne np nesoeiael 22 1 9 
NUE LO Ae BAR a AL Sh Saeeete er paan eyo 8 3117 6 
LD TENUT IAT 3 a eile ne Dee oo PER ee ARO 47 6 8-3 
House-repairs and Maintenance ............... 5 (alr alee 
Anal Clog ming \<-.252..5 -5dacse-ss0-005en cee 19 14 0 
Washing and sundry small Expenses ......... 36 2 9 
PEA AL OMIB SATIS. on cc. nn seasinondeneases rae ae th. 07 8 

Salaries and Wages : 

PASSISi ATG SCCEOLALY. © <n sacs seca cewene santas ri 300 0 O 
Clabes ee sascd ietach tamencbace nesses ida temeeaess 160 0 0 
Assistant in Library and Museum ............ 110 0 O 
Ep SW ATL Fo 5 A 3s ante cnn de sb ado ganda ee 105 0 O 
LECT OEIeT2 15 RE - aan ERS RE «epee 40 0 0 
EATERY, a ta Se fn ~ asian nace aida teaeoo t-te 40 16 0 
Charwoman and Occasional Assistance ...... 2 1b 0 
Attendants at ee Spbea)- scostomaedebeetnanpek 8 0 
Accountants ..... ER SNE Ore APTA 10 10 O 
Official Expenditure: 
RRP OMCERD arco han oe sn acveancot scat Segenaaqdeates «¢ aA 4 it 
Wascelanecous Printing. .....0...cese0css-<00+ a0 1s 'G 
Wiasrameiat Mecings: ....0-00.ccceecnnesad «dese 2 3 6 
Postages and other Expenses ...............06 5819 5 
MMSE AD es ON ee ee ww ee Pe Ses Bias cere kethets « 
RB re Oe 5.) nt Ye satin ee dw odes Gih- BIEL 


»5 less amount paid by the President.. 33 11 11 


Publications: 


colo mieal Mais. 2: sunsets dena de age aice fa0 
soul Vols TEST... jaiccancdccdep sahcavesves 14 10 
e Ol; SOR ee acs aceacess 1083 18 11 


, Commission, 


Postage, and Addressng. 9614 2 


— 1180 13 
PGE Of MOU OWA pe ai2aceirce- Koad as temas Geos aun cee 33 13 
Abstracts. including Postage .................. Wt 9 


Balance in Bankers’ hands, 31 Dec. 1882.. 98 11 
Balance in Clerk’s hands, 31 Dec. 1882 .. 1 5 


oS 


“IN 


25 

Ee SG, 
189 12° 3 
oo2 Eo 
104 10 6 
124.0 7s 
Sob 
1340 6 38 
99017" 2 


£2744 16 7 
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ANNIVERSARY MEETING—-WOLLASTON MEDAL. 29 


AWARD OF THE WoLtAsToN MEDAL. 


In presenting the Wollaston Gold Medal to Mr. W. T. Buanrorp, 
F.R.S., F.G.S., the President addressed him as follows :— 


Mr. BranFrorp,— 


The Council has awarded you its highest distinction, the Wollaston 
Medal, in recognition of your services to geology in Abyssinia, in 
Persia, and on the Geological Survey of the Indian Empire. They 
are so well and so generally known that it is not necessary for me 
to enlarge upon them here. Your writings, which treat of a not 
inconsiderable portion of the Eastern Hemisphere, comprise, in addi- 
tion to geology, much information respecting the zoology and the cli- 
mates of the countries in which you served. Stamped with thorough- 
ness and comprehensiveness, they constitute important additions to 
our knowledge of those regions. In conferring upon you this dis- 
tinction, the Council of the Geological Society desires to mark its 
sense of their great value. 


Mr. Branrorp, in reply, said :— 


Mr. PresmpEnt,— 


I find it difficult to express adequately my sense of the honour 
that the Geological Society has conferred upon me by the award of 
the Wollaston Medal, an honour enhanced by the flattering expres- 
sions which you, Sir, as President of the Society, have added to the 
gift. I believe that my own geological labours do not entitle me to 
this distinction, and that, for this award, 1 am indebted fully as 
much to the work of my colleagues on the Geological Survey of 
India as to my own, that in receiving the Medal I appear as their 
representative, and that I owe that fortunate position at least as 
much to a series of accidents as to my own merits, partly to my ~ 
having been selected for work of wider interest, though not of 
greater importance, than that executed by my comrades, and partly 
to my haying resisted for a longer period than some others the in- 
jurious effects of a tropical climate. 

My own career in India is at an end; but the twenty-seven years 
that have elapsed since I first landed in that country have witnessed 
the gradual accumulation of observations sufficient not merely to 
‘throw much light upon the geological structure and history of India 
itself, but occasionally to refiect a few rays on obscure spots in the 
geology of other regions. ‘That the results of our labours have been 
considered worthy of so honourable an award by the Geological 
Society will, I am sure, prove most gratifying to my colleagues who 
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are still engaged in working out the geology of India, whilst to myself 
the Medal is an unexpected recompense for many years of laborious 
exploration. 


AWARD OF THE WoLzaston Donation Funp. 


The Prestpent then handed the balance of the proceeds of the 
Wollaston Donation Fund to Prof. J. W. Jupp, F.R.S., Sec. G.S., 
for transmission to Prof. Joan Mriyz, F.G.S., of Tokio, Japan, and 
addressed him as follows :— 


Prof, Jupp,— 


The Council, in bestowing upon Mr. Milne the balance of the pro- 
ceeds of the Wollaston Fund, wishes to mark its appreciation of the 
importance of his investigations into the phenomena of earthquakes, 
to which he has devoted so much time and attention during his resi- 
dence in Japan. 

In handing to you this cheque for transmission to him, I would 
ask you to convey to him the hopes of the Council that this award 
may assist him in continuing those inquiries in Seismology which 
he has proved himself so well able to undertake. ° 


Professor Jupp, in reply, said :— 


Mr. PRESIDENT,— 


I feel sure that the pleasure with which my friend Prof. Milne will 
hear in his distant home of this award of the Council of this Society 
will be enhanced when he learns the kind and appreciative terms 
in which you have spoken of his work. When Mr. Milne left 
England last year, it was with the intention of visiting the several 
Italian observatories in which investigations on those minute earth- 
tremors which are now attracting so much attention from geolo- 
gists, are carried on. In Japan Prof. Milne hopes to have ample 
opportunities for applying these new modes of investigation; and I 
have no doubt that the award from the Wollaston Fund which has 
been made to him this day will be of material assistance to him in 
carrying on these important observations. 


AWARD oF THE Murcuison MEDAL. 


In handing the Murchison Medal to Mr. Warrneton W. Suva, 
M.A., F.R.S., F.G.S., for transmission to Prof. Hzrmvrich Roperr 
Gorrrrt, F.M.G.S., of Breslau, the PREsIDENT said :— 


ANNIVERSARY MEETING——MURCHISON MEDAL AND FUND. 31 


Mr. Warineron SmytH,— 


The Council of the Geological Society has awarded one of its high 
distinctions, the Murchison Medal and a part of the proceeds of the 
Murchison Fund, to Prof. H. R. Goppert of Breslau, one of our 
Foreign Members, in recognition of his labours in fossil botany. 

The very large number of papers, 245, recorded in the Scientific 
List of the Royal Society under Prof. Goppert’s name, testifies to the 
zeal and success with which he has cultivated this branch of biology 
during half acentury. In asking you to transmit to him this Medal, 
I would desire you to express to him the high estimation in which 
this Society holds his work. 


Mr. Warryeton Suytu, in reply, said :— 


I have been requested by Prof. Goppert to convey to the Society 
his hearty thanks for the honour done him by the award of the 
Medal founded by his lamented friend and correspondent Sir R. 
Murchison. The announcement came at an opportune time, as 
serving in some degree to raise his spirits when suffering from a 
domestic bereavement. It happens also to have been coincident 
with the completion of the great work on his favourite subject of 
amber and its organic remains, first brought before this Society by 
our Medallist in 1845. And when I remind our younger Fellows 
that Goppert commenced writing on scientific subjects as far back 
as 1828, and that the number of his works and papers amounts in 
the Royal Society’s Catalogue to 245, they will be apt to wonder 
that he was-not years ago selected as the recipient of the highest 
honour the Society could bestow. 

Regretting deeply the circumstances which prevent Dr. Goppert 
from being present on this occasion, I have great pleasure in re- 
celving for him a mark of honour so well deserved by the veteran 
geologist, whose name stands in so prominent a position in the spe- 
cial branch of paleophytology. 


AWARD OF THE MurcuHison GrotocicaL Funp. 


The Presrpent then handed to Prof. Morris, M.A., F.G.S., for 
transmission to Mr. Jonn Youne, F.G.8., the balance of the pro- 
ceeds of the Murchison Geological Fund, and said :-— 


Professor Morris,— 


The Council of the Geological Society in awarding to Mr. John 
Young, of the Hunterian Museum, Glasgow, the balance of the 
proceeds of the Murchison Donation Fund, wishes to mark its appre- 
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ciation of the value of his long-continued researches on the fossil 
Polyzoa, especially those of the western part of Scotland, and of his 
investigations into the structure of the shells of the Carboniferous 
Brachiopoda. In his absence, I have much pleasure in placing the 
amount in your hands for transmission to him. 


Professor Morris, in reply, said :— 


Mr. PREsIDENT,— 


I have much pleasure in receiving the balance of the Murchison 
Fund for Mr. J. Young, who regrets his inability to attend, and has 
sent me the following letter to read to the Society :— 


“ Hunterian Museum, 
‘University of Glasgow. 
“ Reb. 7th, 1883. 
“ Dear Sir,— 


“Will you kindly convey to the President and Council of the 
Geological Society the gratification I feel at the honour they have 
conferred upon me by associating my name with those of the former 
recipients of the Murchison Geological Fund, and at the same time 
express my regret that circumstances prevent my being present at 
the Meeting of the Society to receive the award in person from the 
hands of the President. 

‘“‘T appreciate the honour all the more as having been altogether 
unexpected by me. It has been my greatest pleasure during my 
life to employ my leisure time as an humble investigator of the 
Carboniferous strata and fossils of the West of Scotland; but I never 
imagined that my work would merit the distinction which the 
Council of the Society have bestowed upon it. 

“‘ My work among the Scottish Carboniferous fossils has led me to 
collect and study carefully under the microscope, not only the 
Microzoa but also the shell-structure of many of the larger organisms 
found in the strata; and that I have been fortunate in discovering 
some new forms, and also in finding some new points of structure 
in others already known and described, I attribute chiefly to the 
methods of research which I employed, and to the fact that the 
organisms found in our strata are often better preserved than is 
usual elsewhere. 

‘‘It has been for me sufficient reward to have been able to assist, 
in however small a degree, several eminent paleontologists in their 
researches among some of the fossil groups, such as the Brachiopoda, 
Foraminifera, and Entomostraca, by sending them specimens from 
our western Scottish Coalfield, many of which have been figured and 
described. But the honour which the Society has now conferred 
upon me will, I trust, encourage me to further research among the 
Scottish Carboniferous fossils, in which, especially among the Polyzoa 
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and their allies, much still remains to be discovered. By so doing, 
I hope to fulfil in some measure the object which the illustrious 
geologist had in view when he instituted this fund. 
“‘T remain, dear Sir, 
Yours faithfully, 
Jon Youne.” 


I may state in conclusion, that, in addition to the assistance 
rendered to other paleontologists to which Mr. Young so modestly 
alludes, he has within the period of the last twenty years published 
nearly 50 papers, the results of his researches during that time. 


AWARD OF THE LyELL MEDAL. 


The PresmentT next presented the Lyell Medal to Dr. W. B. 
CaRpEnTER, C.B., F.R.S., F.G.S., and addressed him in the follow- 
ing words :— 


Dr. CaARPENTER,— 


The Council of the Geological Society has awarded to you the 
Lyell Medal with (in compliance with the terms of the bequest) a 
portion of the proceeds of the Lyell Fund, in recognition of the 
great value of your investigations into the minute structure of in- 
vertebrate fossils and of your deep-sea researches. Your contribu- 
tions “On the Structure and Affinities of the Eozoon canadense,” 
“On the Microscopic Structure of Nummulina, Orbitolites, and 
Orbitoides,” published in our Journal, your numerous papers on the 
intimate structure of shells, communicated to the Royal Society, 
and others published in the ‘Annals and Magazine of Natural 
History, your long-continued work on Foraminifera, your com- 
munications on Oceanic Circulation and on Abyssal Life-forms, all 
testify to a life-long devotion to branches of natural knowledge 
bearing on that department of science the cultivation of which is 
the raison Wétre of this Society. 

I count it a pleasure, Dr. Carpenter, that it has devolved upon 
me to hand you this Medal. 


Dr. CARPENTER, in reply, said :— 
Mr, PresmEent,— 


It is with no ordinary gratification that I receive from your hands 
the Medal of which the Council of the Geological Society has been 
pleased to think me deserving. For as the work of my life has been 
done almost entirely in the domain of biology, it has but in- 
cidentally brought me within the wide area covered by geological 
science. Although familiar from very early years with its great 
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fundamental ideas, and a deeply interested observer of its progress, 
I have never ventured to call myself a geologist. And it is there- 
fore a distinction which I highly value, to be the recipient of so 
distinguished a token of appreciation on the part of those who are 
best qualified to judge of the importance of my work in its relation 
to geology. 

This distinction is yet more gratifying to me from its having 
been founded by one whom I have held in the highest honour from 
my boyhood, when (as I well remember) I heard Charles Lyell 
spoken of as a young man who was advancing in the Geological 
‘ Society doctrines of a most heretical kind, but was defending them 
so ably as to hold his own against the most weighty opponents. 
The study of his ‘ Principles’ was not only the delight of my youth, 
but a most valuable part of my scientific training; and the 
privilege of subsequent intercourse with him through nearly forty 
years was one which I ever highly esteemed; for whilst it brought 
me under the immediate influence of his philosophic spirit, it also 
afforded me the continual stimulus of his kindly encouragement. I 
would recall a little incident which is doubly illustrative. When, in 
1855, I made my monograph of the genus Orbztolrtes the basis of a dis- 
quisition on the general subject of the variability of species (a 
doctrine early impressed on me by Dr. Prichard), I sent him a copy 
of the memoir (published in the Philosophical Transactions), with 
a sort of apology for having tried to make so much out of what 
might be thought so small and trivial a subject; he replied with a 
most kindly approval of the object and manner of my work, adding 
“any single point is really the universe,”’—a remark whose preg- 
nancy left an impression on my mind that time has only deepened. 

I cannot but esteem it a piece of singular good fortune that my 
association with my friend Prof. Wyville Thomson in the ‘ Light- 
ning’ Expedition of 1868, which was fitted out for the biological 
exploration of deeper sea-bottoms than had been then examined by 
the dredge, should have brought me into contact with a physical 
problem of the greatest interest, that of deep-sea temperature, and 
that the subsequent Expeditions of which the elucidation of that 
problem was a leading object have not only succeeded completely in 
all that it was hoped that they might accomplish, but have also 
brought back new and valuable data for the solution of one of the 
most fundamental questions of modern geology—the antiquity of 
the great existing distinctions between continental and oceanic 
areas. 

In conclusion, I would assure the Geological Society that their . 
generous recognition of my past labours will serve as an additional 
inducement to me to devote what may yet remain to me of time and 
ability to the completion of several researches, already far advanced, 
which will, I trust, be found to have no unimportant bearing on the 
future of geological science. 
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AWARD OF THE LyEett GEoLociIcaL Funp. 


In presenting one moiety of the balance of the Lyell Geological 
Fund to Mr. P. Hersert Carpenter, M.A., the PrestpEent addressed 
him as follows :— 


Mr, P. Hersert CaRPENTER,— 


The Council of the Geological Society, in awarding to you a por- 
tion of the balance of the proceeds of the Lyell Donation Fund, desires 
to express its sense of the great value of your researches into the 
structure and relationship of several families of fossil Echinoder- 
mata. Your papers “On some little-known Jurassic Crinoids,” 
“‘On the Cretaceous Comatule,” ‘On the Crinoids from the Upper 
Chalk,” and that read last session, ‘‘On Hybocrinus, Baerocrinus, 
and Hybocystites,” are models of clearness and an excellent earnest 
of future work. The Council hopes that this award may aid you 
in continuing those lines of research in which you have already 
achieved such signal success. 


Mr. Carpenter, in reply, said :— 


Mr. PRESIDENT, 


It was with very great gratification that I heard from my valued 
friend and former teacher, Prof. Bonney, of the honour done me by 
the Council of the Geological Society in awarding me a portion of 
the Lyell Fund; and I am greatly indebted to you, Sir, for the kind 
way in which you have referred to my paleontological work. It 
has been done as a kind of recreation from the duties of a busy 
schoolmaster’s life, and from the highly interesting but lengthy 
business of preparing the Reports on the ‘ Challenger’ Crinoids. 
But I have always found that the few days which I have devoted 
to fossils during my holidays have sent me back to schoolwork and 
to recent Crinoids with renewed vigour, and often with fresh ideas. 
I have the strongest conviction (and many mistakes would be 
avoided were it a universal one) that the only way to understand 
fossils properly is to gain a thorough knowledge of the morphology 
of their living representatives. These, on the other hand, seem to 
me incompletely known if no account is taken of the life-forms which 
have preceded them. I have thus been led to carry on the two 
lines of work simultaneously ; and I am happy to think that in the 
opinion of those best qualified to judge, I have been able to throw 
some light upon the study of the fossil Pelmatozoa. 

In two respects I have been more than usually fortunate. My 
artist friends thoroughly understand their work ; and the Council of 
the Society have always treated me with the utmost liberality in the 
very important matter of illustrations. For this and for man 
other acts of individual kindness on the part of the Fellows I gladly 
take this opportunity of expressing my warmest thanks to the 
Society. 
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The Presrpent then handed the second moiety of the balance of 
the Lyell Geological Fund to Prof. Sretey, F.R.S., F.G.S., for trans- 
mission to M. KE. Rieaux, of Boulogne, and said :— 


Professor SEELEY,— 


In conferring upon M. Rigaux a portion of the balance of the 
proceeds of the Lyell Donation Fund, the Council of the Geological 
Society desires to signify its estimation of the value it places on his 
researches in the Jurassic formations of the Boulonnais and their 
contained fossils. In asking you to transmit to him this cheque, I 
would desire you to convey to him with it our hopes that he may 
continue those lines of inquiry in prosecuting which he has attained 
so great success. 


Professor SEELEY in reply said :— 


Mr. PREsIDENT,— 


I feel that M. Rigaux deserves recognition for excellent strati- 
graphical work on the Primary and Secondary rocks of the country 
round Boulogne, and for careful descriptions of their fossils. But 
he is one of those modest men whose published writings represent 
but a small fraction of his knowledge, and who is far readier to 
deposit his collections in the public museum and to impart know- 
ledge to scientific friends than to print his work. There can be but 
few geologists of our time who have visited the Boulogne country 
without being under obligations to M. Rigaux; and although, in 
a letter received from him, he speaks of this honour as being un- 
deserved and unexpected, it is one for which he offers you his 
sincere thanks, and which will stimulate him to carry on those 
researches which have secured our esteem. 


AWARD oF THE Brespy Gotp MEDAL. 


The Presrpent finally presented the Bigsby Gold Medal to Dr. 
Henry Hicks, F.G.S., and addressed him in the following words :— 


Dr. Hicxs,— 


The Council, in conferring on you the Bigsby Medal as a mark 
of their appreciation of your labours amongst the oldest fossiliferous 
and the Archean rocks of Great Britain and Ireland, feels, in your 
community of interests, a peculiar fitness in associating you with the 
memory of the founder of this distinction. Your numerous com- 
munications, beginning with one ‘On the genus Anopolenus,”’ 
written in 1865, and culminating in that which you read at our 
last meeting, show to what good purpose you have employed. the 
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hore subsecive of a busy professional life in prosecuting those re- 
searches which have had a distinct effect on geological thought. In 
handing to you this Medal, I would express the wish that you will 
continue to prosecute the line of inquiry to which you have so long 
and so successfully devoted your leisure hours. 


Dr. Hicxs, in reply, said :— 
Mr. PREsIDENT, — 


I feel exceedingly grateful to the Council of the Geological Society 
for the great honour they have done me in selecting me to receive 
the Bigsby Medal; for I cannot fail to recognize in this award a 
recognition by those whose opinion I most value, that work which 
has long been to me a means of recreation and of much intellectual 
enjoyment has also yielded something towards the advancement of 
that science to which I am so deeply attached. I must also express 
my gratitude to you, Sir, for the kind manner in which you have 
referred to my labours. It is just 20 years since 1 commenced my 
search for fossils among the old rocks at St. David’s, and the en- 
thusiasm with which every new find was welcomed by the late emi- 
nent paleontologist Mr. Salter, to whom they were first sent, was 
in itself a sufficient stimulus for any exertions required. 

I had the honour also from time to time to conduct many eminent 
geologists over the ground explored, and received from them much 
encouragement. Among these, however, no one was more anxious 
to show enthusiastic sympathy than the amiable Dr. Bigsby, the 
founder of this Medal, who visited St. David’s in the summer of 
1866. His interest in the sections was extreme, due doubtless in 
part to the fact that a few years before he had communicated a 
paper to this Society on the relation between the Cambrian and 
Huronian rocks, and that here at St. David’s I was able to show him 
some proof in support of the view which he maintained, that the 
Huronian rocks were older than any which could be classed as 
Cambrian in America. 

It is therefore, Sir, peculiarly pleasing to me that I should now 
be thought worthy of the great honour of receiving the Bigsby 
Medal; and I can only hope that I may be able, in the words of 
the founder, to do further work, and to continue with renewed 
vigour those researches which have brought me this honour and 
what I value almost equally, namely the friendship of so many 
eminent Fellows of the Geological Society. 
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THE ANNIVERSARY ADDRESS OF THE PRESIDENT, 


3. W. Hutxs, Ese, FR.S. 


In compliance with a time-honoured custom in our Society which 
bids us at this, our annual gathering, not leave unnoticed, as if for- 
gotten, the memories of those of our Fellows whose names death 
has taken from our roll during the past year, I begin this address 
with the usual obituary references to those whose works have 
stamped their features more deeply on our recollection. 


Taking their names in alphabetical order, the first whose loss we 
lament is the late Prof. A. Lerrm Apams, M.A., of Queen’s College, 
Cork, elected a Fellow in 1870. He was a good example of a band 
of earnest students in the ranks of the Army Medical Department 
who have made good use of the opportunities afforded them on 
service in every quarter of the globe to cultivate an acquaintance 
with Nature. His works, amongst which may be mentioned 
‘Wanderings of a Naturalist in India, the Western Himalayas, and 
Cashmere,’ ‘ Notes of a Naturalist in the Nile Valley and Malta,’ 
and ‘Field and Forest Rambles in Eastern Canada,’ show that 
he was no lagegard in the pursuit of natural history. His contribu- 
tions “On the Occurrence of Fluviatile Shells at High Levels in the 
Nile Valley,” and on “* Miocene Vertebrate Remains from Caves in 
Malta,” are published in our Quarterly Journal; but his chief work 
is his memoir “ The British Fossil Elephants,” in the Palzonto- . 
graphical Society’s Transactions. In 1872 he was elected F.R.S. 
After his retirement, with the rank of Deputy Surgeon-General, 
from active service with the army, he held professorships in zoology 
and natural history in Dublin and in Cork. His death occurred in 
August last. 


On Thursday the 20th of April there fell asleep in the ripeness 
of his years, in his quiet country home at Down, in Kent, CHartzs 
Darwin, a man whose life and work it is impossible faithfully to por- 
tray within the brief compass of an obituary notice. ‘This, in his 
case, is less to be regretted, since to him in an especial degree are 
applicable those significant words, ‘‘ He being dead yet speaketh.” 
Endowed with a splendid intellect, a rare nobleness of character, and 
the most intense love of truth, he devoted a long life to the develop- 
ment of those pregnant principles of “ Evolution” the enunciation of 
which at first drew down upon him so much opposition, but which 
he had the rare happiness to live to see generally accepted. His 
most striking qualities were his wonderful patience in the accumu- 
lation of facts (no labour was too great, nothing appeared too minute 
or too trivial for his attention, no suggestion from another seemed 
unworthy of his consideration), his judicial impartiality (evidenced 
in his temperate statement of facts and inferences, and his admirable 
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candour in setting- out the objections which could be urged against 
them), and his tolerance of the prejudices of others when he knew 
them to be earnestly seeking after truth. 

Born at Shrewsbury, on the 12th of February 1809, he appears to 
have received his early training in the celebrated Grammar School of 
that town. 

In Edinburgh he began the study of medicine (in which profes- 
sion his father had attained considerable eminence); but having no 
natural inclination towards it he abandoned it and entered the 
University of Cambridge, where, under the genial teaching of Prof. 
Henslow, that love of Nature was kindled in his mind which never 
after ceased to animate it, and which bore such splendid fruit. In 
1831, through an introduction by Prof. Henslow, he began, as natu- 
ralist in H.M.S. ‘ Beagle, that voyage to the southern hemisphere of 
which eight years later, being then a Secretary of this Society, he 
gave so charming an account in his “Journal” of the voyage, one 
of the most fascinating books ever written. Elected a Fellow of 
our Society in 1836, one oi his first contributions, read on 1st No- 
vember, 1837, ‘“‘ On the Formation of Vegetable Mould through the 
agency of Earth-worms” (the subject of the last work which issued 
from his pen), bore the same stamp of carefulness and thoroughness 
which characterized all his writings. In 1841 he contributed a 
valuable paper ‘* On the Distribution of Erratic Boulders and on the 
Contemporaneous Unstratified Deposits of South America,” in which 
he showed good grounds for attributing these to the agency of floating 
ice. His memoir “On the Structure and Distribution of Coral 
Reefs ” contained views on the origin of atolls, before little under- 
stood, which quickly gained general reception ; and his observations 
on the volcanic islands visited during his vorage in the ‘ Beagle’ 
witness how closely and carefully he studied th:«.¢ i.atural phenomena. 
His ‘ Geological Observations,’ published in a collective form in 
1867, should be read by all. In later years his attention was turned 
towards those lines of work with which ‘is memory will ever be 
connected; but to the close of his life it is well known that he never 
ceased to feel a deep interest in our branch of natural science and 
in this Society. The magnificent homage paid to his remains was a 
fitting sequel to so glorious a life. 


At St. Leonards-on-Sea, in the 86th year of his age, died, in the 
second week of August, Sir Woopsinr Parisu, K.C.H., F.R.S. 
Elected a Fellow of the Geological Society in 1832, Sir Woodbine, 
then W. Parish, Jun., having previously, when H.M. Chargé 
d’Affaires and Consul-General at Buenos Ayres, presented to the 
Society some valuable fossil remains of Mammalia, communicated in 
the year of his election an account of fresh discoveries which added 
greatly to our knowledge of the Meg«therium and Glyptodon. In 
1838 he communicated two papers on collections of fossils made 
by him at Bognor and Hastings. He rose to the office of Vice- 
President of our Society, and to the close of his life ever took a 


lively interest in its welfare. 
d 2 
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On the 16th of March, at Makouw’s Vlei, on the Vaal, in South 
Africa, died G. W. Stow, who had contributed probably more 
than any other person towards a thorough geological exploration 
of those parts of the African continent comprised in our own 
dominions and the Free States. Mr. Stow’s work was carried on 
under circumstances of such continued pecuniary difficulty and 
personal hardship as nothing but the sacred fire of a pure love of in- 
vestigation for its own sake, rather than for any monetary emolu- 
ments which might ultimately accrue from it, would have enabled 
him to endure, though a man of exceptionally strong character and 
great physical strength. But the strain finally proved too great, and 
he succumbed at a moment when success seemed almost within his 
grasp. He leaves a widow and five young children, in very destitute 
circumstances, to lament his loss. 

Elected a Fellow in 1872, he contributed papers on the geology and 
‘fossils of South Africa, which were published in our Journal. But 
the work to which he devoted his best years and energy is still in 
manuscript. It is greatly to be desired that this should find a 
publisher. 


Sir Cuartes WrvittE THomson, born in 1830, had only just 
completed his fifty-second year at the date of his death on the 10th 
of March last. Beginning the study of Medicine at the University 
of Edinburgh in 1845, he soon found himself attracted rather to its 
scientific than to its practical side; and in 1853 he was appointed to 
the vacant lecturership in Botany in King’s College, and later in 
Marischal College at Aberdeen, from which University he received 
the degree of LL.D. when he had scarcely attained his majority. 
He subsequently held lecturerships on botany, zoology, geology, and 
mineralogy in the Queen’s Colleges at Cork and Belfast and in the 
University of Edinburgh, where he had the reputation of being an 
able teacher. Attracted particularly to the class Echinodermata,.and 
especially to the order Crinoidea, he communicated, in 1863, to the 
Royal Society a paper “ On the Embryology of Antedon (Comatula) 
rosacea.” Later he went to Norway, at the instance of Prof. Sars, to 
study the living Apiocrinoid now known as Khizocrinus lofotensis, 
the exhibition of which in scientific circles by his friend Dr. 
Carpenter principally led to the deep-sea dredging expeditions of 
H.M.SS. ‘ Lightning’ and‘ Porcupine,’ in which, in conjunction with 
Dr. Carpenter and Dr. Gwyn Jeffreys, Sir. C. W. Thomson took an 
important part. The latter expedition laid the foundation for the 
solution of many questions of the highest interest to physical 
geography and geology, by demonstrating that there is practically 
no limit to the depth at which marine animals may exist. Not only 
was the true temperature of the deep-sea bottom then first ascer- 
tained, but the temperature at different depths was worked out. 
Many marine types, especially of Echinoderms and Siliceous Sponges, 
procured by dredging, distinctly represented Cretaceous forms ; and, 
further, the Globigertna-mud, which covers the Atlantic bed to an 
unknown thickness, was proved to correspond in many points with 
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the Old Chalk. On these facts, in conjunction with the absence 
of evidence of a general upheaval of the continents which border 
the Atlantic basin since chalk rose into dry land, Prof. Thomson 
erected the bold hypothesis that the present deep-sea basin of the 
Atlantic has been such during the entire Tertiary period, and that 
the Glohigerine now living are the lineal descendants of those of 
the Cretaceous epoch. 


The last loss which it is my sad duty to record is the death of 
Epwarp Bernarp Tawney, which occurred at Mentone on the 30th 
December, in the 42nd year of his age. From boyhood he showed a 
great inclination towards natural science. He passed with distinction 
through the School of Mines. He travelled much; he was a close 
observer and a clear writer. Our Quarterly Journal is enriched by 
several valuable contributions from his pen, which are all stamped by 
an intense love of truth. In 1878 he was appointed Assistant to the 
Woodwardian Professor of Geology; and during the last months of 
his life he was engaged upon a description of the fine series of rocks 
collected by Sedgwick. Mr. Tawney’s career was an admirable in- 
stance of successful work achieved in spite of a frail and suffering 
frame. 


Upon a review of the work done by the Society during the sessional 
year which has just closed, it appears that the number of papers 
read slightly exceeded the average and, if I may venture an opinion 
on such a matter, they maintained the standard of former years. 

The relatively large number treating directly of, or referring inci- 
dentally to, drift and gravels is suggestive that, in connexion with 
these and their associated organic remains and implements, there 
is still much deserving the attention of the investigator who aspires 
to assist in clearing away the ambiguities which, in particular 
instances, yet exist with respect to the sources, the modes of dis- 
tribution, the age, and the general bearings of these deposits. The 
once widely accepted canon that the lower are invariably newer 
than the higher beds of such deposits has been lately shown not to 
be universally applicable by a discovery in the Sabliéres de Chelles- 
sar-Marne, near Paris, where in the lowest of three terraces of 
gravel only a little above the present level of the river, a much 
older fauna has been found than that yielded by the highest terrace 
in the same valley, and this under conditions which appear to forbid 
a remaniement. 

Ice, to judge by the number of papers relating to it, and the hot 
discussions these provoked, appears still to exercise an undiminished 
fascination ; and we have lately heard repeated, and enforced by 
fresh illustrations, arguments against the power of glaciers to ex- 
cavate rock-basins, a faculty which not many years since few geo- 
logists seriously questioned. 

On petrology seven papers only wereread. One of these recorded 
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a rough experiment made in the field to test’ the comparative 
specific gravity of solid and molten lava. Another related to the 
occurrence of diamonds in 8. Africa in volcanic rock at a greater 
depth than the superfieial shales through which it had burst, a fact 
at variance with the hypothesis advanced by a previous author that 
the diamonds were derivates of the hydrocarbons contained in the 
shales. 

Micro-petroloyy.—F ive petrological papers dealt with the intimate 
structure of rocks, a number which appears small considering the 
activity with which the microscopic investigation of rocks has been 
pursued during the three decades which have elapsed since the great 
impulse given ‘to this branch of research by Dr. H. C. Sorby’s paper 
‘On some Peculiarities in the Microscopic Structure of Crystals applic- 
able to the determination of the Aqueous or Igneous Origin of Minerals 
and Rocks,” published in the Society’s J ournal in 1851. Since that 
epoch petro-microscopy has attained an importance that can hardly 
be overestimated. Hach successive year has yielded fresh evidence 
of its value, which has, perhaps, seldom been more aptly illustrated 
than in Prof. Bonney’s paper ‘“‘On the Hornblendic and other 
Schists of the Lizard District,” a locality which the labours of one 
of our founders, who was also one of the fathers of the Geological 
Survey of the United Kingdom, Sir Henry De la Beche, have 
rendered classic ground. 

Amongst the Miaieapiical papers, probably second to none in 
interest were :—‘‘ A Comparison of the Cambrian Strata of the 
Russian Baltic Provinces with those of Scandinavia and Great 
Britain,” by Dr. F. Schmidt, in which he argued for the unbroken 
continuity, in those provinces, of the Cambrian, Ordovician, and 
Silurian Systems; Prof. Lapworth’s comprehensive and elaborate 
memoir ‘“‘On the Girvan Succession,” in which he offered a de- 
monstration of the true successional order of the Girvan series of 
Paleozoic rocks, based principally on their fossil contents. Should 
this new reading of the Girvan beds stand the tests of time and 
adverse criticism, its author may well find satisfaction in having 
achieved a success which many other able workers in the same field 
failed to secure ; and, lastly, Dr. Hicks’s paper ‘*‘ On the Metamorphic 
and Overlying Rocks in parts of Ross and Inverness Shires (with 
petrological notes by Prof. Bonney),” in which the author offers a 
demonstration, based on stratigraphical and petrological evidence, 
that the large group of rocks in those districts, hitherto regarded as 
metamorphosed Silurian, are really members of the much earlier 
Archeean system. The question is one of much importance; and, 
however it may be finally settled, it is a matter of congratulation 
that it has engaged the attention of so earnest a worker, and one 
whose labours amongst the earliest crystalline rocks in other districts 
have been deemed to merit the Bigsby Medal. 

An analysis of all the subjects treated of during the Session has 
brought out what perhaps might not be generally anticipated, a 
great preponderance of plwontological papers. Their number 
actually exceeds that of those on stratigraphy and topography and 
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dynamics, and it is much greater than the total of all relating to 
other branches of our science. 

Two only of the paleontological papers were botanical, a small 
proportion considering the general possession of some acquaintance 
with the forms and distribution of living plants, the great attractive- 
ness of fossil botany, the information respecting former climates 
deducible from it, and the accessibility of such rich floras as those 
of the Tertiaries in the Isles of Wight and Sheppey. The fact that 
one of the papers related to plants discovered in Wealden rocks near 
Hastings leads me to call attention to the profusion of vegetable 
remains in the blue Wealden clays in the neighbourhood of Chilton. 

Of seventeen zoological papers, ten referred to Invertebrata. One 
of these, by Dr. Hausler, embodied the results of a very laborious 
study of the arenaceous Foraminifera of the Swiss Jurassic rocks, 
of which he had determined about sixty species. It is interesting 
that whilst not a few of these range back to Permian and Carbo- 
niferous times, most of them closely resemble recent deep-sea species 
and varieties, yet similar forms have not hitherto been found in the 
newer rocks. A paper by Mr. P. H. Carpenter on certain Silurian 
Crinoids, about which there had been previously much difference of 
opinion, added greatly to our knowledge of the str ucture and affinities 
of these obscure and interesting Echinoderms. 

Bryozoa ranging from Paleozoic to Pliocene formed the subjects 
of three papers. 

Six communications were received on Corals, of which two by 
Mr. Tomes showed how largely our knowledge of the fauna of 
particular stages can be increased by residents in their neighbour- 
hood who can take advantage of every fresh exposure of rock. The 
singular beauty of their outward forms, and the admirable symmetry 
of their internal structure, ever make corals attractive objects of 
study ; whilst their limitation by circumstances of depth, of tem- 
perature, and of purity of water (which it is reasonable to infer had 
the same influence in past as in present time) has been regarded as 
affording valuable information respecting the physical geography of 
the regions in which their remains occur. Recent discoveries have 
proved, however, that their occurrence is less restricted by depth of 
water than was formerly supposed. 

Two papers only were devoted to Mollusca; but one of these, in 
which Lieut.-Col. H. Godwin-Austen identified an Eocene shell from 
Sheppey. with a living genus now restricted to India, was of great 
interest. 

The remaining seven zoological papers treated of vertebrate remains. 
In one of them Prof. R. Owen described an imperfect thigh-bone 
which he referred to Motothertum, an extinct Australian Marsupial 
in some points resembling the existing Wombats. The six others 
related to fossil Reptilia. 

Two of the most important of these were a paper by Prof. H. G. 
Seeley, “On WNeusticosaurus pusillus (Seeley), Simosaurus pusillus 
(Fraas),” and a paper by Prof. R. Owen ‘“ On Generic Characters 
in the Order Sauropterygia.” 
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Of Neusticosaurus pusillus Prof. H. G. Seeley says, “it is probably 
the smallest representative of the Plesiosauria yet exhumed; but it 
has the greater interest in exhibitiug in the hind limbs all the cha- 
racters of a land animal, while the fore limbs have become paddles, 
in which a more striking approximation is made to Plesiosaurus than 
was previously known in any Triassic representative of this order.” 
Connecting links are so important that it is to be hoped that before 
long the acquisition of less imperfect material than that at Prof. 
Seeley’s command may confirm his views, and afford additional in- 
formation respecting this highly interesting Sauropterygian. 

Prof. R. Owen’s paper “ On Generic Characters in the Order Sau- 
ropterygia” must command the attention and consideration due to 
the mature opinion of so eminent an anatomist and zoologist, who 
has made fossil reptiles a special study, and is the founder of the 
order to which his paper relates. 

The subclass Enaliosauria (Owen), which includes the subjects of 
both the above papers by Profs. Seeley and Owen, is in several re- 
spects one of much interest. 

This Society may be said to have a sort of property in it, because 
it was at one of its meetings, some sixty years ago, that Conybeare 
and De la Beche first made known the Plesiosawrus and also added 
largely to the previously comparatively scanty knowledge of Ichthyo- 
saurus. Their admirable memoir, printed in vol. v. ser. i. of the 
Society’s Transactions, published in 1821, supplemented by two 
others which shortly followed it, was so comprehensive that to the 
illustrious Cuvier it appeared to leave little to be added by subse- 
quent investigators. Since then, however, large quantities of Enalio- 
saurian remains have been accumulated (a magnificent series of their 
skeletons is now displayed in the galleries of the new Museum of 
Natural History in Cromwell Road, and few of the provincial museums 
of any magnitude are without examples of them) ; and yet many ques- 
tions concerning these old ‘‘ Sea-Dragons,” as Thomas Hawkins 
quaintly called them, continue to this day unsettled. 

Thus taxonomists differ much as to the true zoological position of 
the Enaliosauria. Prof. R. Owen, the founder of this subclass, 
places it between Labyrinthodonta (Batrachia) and Anomodonta ; 
whilst Claus, the author of one of the newest works on systematic 
zoology having a wide reputation, makes Enaliosauria the first order 
in a subclass Hydrosauria (in which he includes Crocodilia) which 
he intercalates between Sauria and Chelonia. Claus’s order. Enalio- 
sauria comprises three families, Ichthyosauria, Plesiosauria, and 
Nothosauria. Prof. R. Owen’s subclass Enaliosauria contains his 
two orders Icthyopterygia and Sauropterygia. The former is re- 
presented in our rocks, as yet, only by the genus Jchthyosaurus ; 
whilst the latter comprises the four genera Plesiosaurus, Pliosaurus, 
Nothosaurus, and Placodus (Neusticosawrus would also find its place 
here). 

As a preliminary to discussing the systematic position of the 
Enaliosauria, the question whether the alliance of the orders Ichthyo- 
pterygia and Sauropterygia is a natural one requires examination. 
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Are there discernible in the members of these two orders such 
structural resemblances as command our assent to their common 
ancestry ? 

Disregarding Placodus, as too imperfectly known, and limiting the 
comparison to the elements of their shoulder-girdle and limbs, or, in 
Prof. Owen’s words, to their ‘‘ sterno-coraco-scapular frames” and 
limbs, there are present, in all the genera of each order in which 
these parts are known, two pairs of bones the essential nature and 
identity of which are undoubted, the coracoids and scapule. 


Fig. 1.—Shoulder-girdle of Ichthyosaurus, ventral view. 


cl, the clavicie; 2¢, the interclavicle; sc, the scapula; cor, the coracoid ; 


gl, the glenoid fossa. 


In Ichthyosaurus (fig. 1) the coracoids are relatively broad, and they 
are deeply notched in front and behind the glenoid fossa. In the 
typical Plesiosauri (as P. dolichodeirus) (fig. 2) the coracoids are long 
and narrow. In Cope’s subgenus Elasmosaurus, as also in P. Manselt, 
Hulke, and Colymbosaurus, Seeley, which are evidently closely related 
to it, the bony coracoid is broad, but of relatively small antero-posterior 
extent, and it sends backwards from the postero-external angle a 
wing-like process or cartilage leaving a vacuity perhaps subtended 
by membrane. 

In Nothosaurus a deep narrow notch separates a long square pro- 
cess in front of and internal to the glenoid part of the bone, which 
a constriction divides from a large rhomboidal expansion that meets 
the other coracoid in the middle line. Yet under these diversities of 
form, the true homology of the coracoid is too plain to be missed ; and 
this is equally true of the scapula, to which I shall presently return. 
Ichthyosaurus, our sole representative of the order Ichthyopterygia, 
has in its shoulder-girdle a third pair of bones, by general consent 
clavicles. Are these bones present in the Plesiosaurian shoulder-girdle 
and in that of the other genera of Sauropterygia ? Some anatomists 
answer this affirmatively, finding clavicles in Plesiosaurus (fig. 2) in 
that piece which extends forwards and inwards from the glenoid part 
of the scapula to the median azygos bone reputed episternum or inter- 
clavicle, and they consider that in this genus the clavicle is confluent 
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with the scapula. This interpretation seems to be supported by an 
analogous bar in the amphibian shoulder-girdle. This, considered 


Fig. 2.—Shoulder-gurdle of Plesiosaurus (type), ventral view. 


ost, the omosternum ; ; pe, the precoracoid ; sc, the scapula; co, the coracoid ; 
H, the hamerae. 


precoracoid by W. K. Parker, regarded as clavicle by Wiedersheimer, 
thought to comprise both preecoracoid and clavicle by Hoffmann, is 
primitively a simple cartilaginous rod extending ventrally from the 
scapula towards the middle line of the body. Later, an ectosteal splint 
forms onits front border, and, growing, more or less sheathes it, the rod 
itself meanwhile undergoing a variable amount of endosteal ossifi- 
cation ; and when these two processes of ossification are completed, a 
slight longitudinal furrow may be the only trace of the dual origin 
of the bar.. It is evident that the ectosteal splint alone can have any 
pretention to homology with the clavicles of higher vertebrates ; and 
I imagine that its intimate association with the cartilaginous rod 
(which i is segmented off by longitudinal fissure from the coracoid and 
is therefore unmistakably preecoracoid) was one of the considerations 
that led. Prof. Parker to regard the bar in its entirety as precora- 
coid, and to deny the occurrence of true clavicles in Batrachia, a view 
which has much in favour of it. In Chelonia (fig. 3), however, the 
ambiguity, so puzzling in Batrachia, disappears. They also have a 
similarly placed ventral bar, which, except in very immature indi- 
viduals, is (as in Plesiosaurus) confluent with the glenoid part of the 
scapula, from which it extends inwards towards the middle line of 
the body. Early comparative anatomists regarded this as an acro- 
mion or clavicle, the view, I think, still held by Prof.R. Owen. Of 
its homology with the analogous bar in Plesioswurus and Nothosaurus 
I myself have no doubt ; and ifit be clavicle in the Chelonian it is so 
in Plesiosaurus and Nothosaurus, and thus clavicles would be present 
in Sauropterygia as in Ichthyopterygia, But in Chelonia, as Prof, W. 
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K. Parker has shown, the true clavicles are to be found in the 
episternal elements of the plastron (dermal ossifications) ; the reputed 


Fig. 3.—Shoulder-girdle of Chelone mydas, dorsal view. (Slightly 
altered, after Parker.) 


el, the clavicle; ic, the interclavicle ; per, the precoracoid ; c, the coracoid. 


clavicles, which are parts of the cartilaginous endoskeleton, are then 
the preecoracoids; whence it follows that there is a degree of 
probability, almost amounting to proof, that the corresponding bar in 
Plesiosaurus is also preecoracoid, and thus evidence of the presence of 
true clavicles in this genus and, I may add, Nothosaurus, fails ; so 
that in the present state of our knowledge on this point we are 
warranted in considering clavicles to be wanting in Sauropterygia. 

There remains for comparison one more piece, the azygos median 
bone called episternum or interclavicle. 

In Ichthyosaurus (fig. 1) this T-shaped bone so closely agrees in its 
form and its relations with the interclavicle of existing Lizards and 
Chelonia that its homology with this is unimpeachable. Can the same 
be maintained of the analogous piece in the shoulder-girdle of Plesio- 
saurus? Isubmit that its homology with the lacertilian interclavicle 
is more than doubtful. The Lizard’s interclavicle is a membrane 
bone ; it lies superficially (fig. 4). In Ichthyosaurus, as in extant 
Lizards, it lies atthe under surface of the other (endoskeletal) elements 
of the girdle. In Plesiosaurus (fig. 2) the reputed clavicle lies above 
the. preecoracoids and coracoids, upon their upper or visceral surface, 
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and some examples show traces of a primitive composition of two 
similar halves. These are circumstances, particularly the former, 


Fig. 4.—Lacertilian Shoulder-girdle, ventral view. (After Parker.) 


xst, the xiphisternal; the other letters as in the preceding figures. 


which appear to me to challenge its title to being a true interclavicle. 
But if not interclavicle, is there any known skeletal element with 
which it may be identified? I suggest that the omosternum (W. K. 
Parker) of existing Batrachia (figs. 5, 6) 1s such an element. This, 
often confounded with the true interclavicle (of Lizards), is shown by 
Parker to consist primitively of two pieces, each segmented off from 
its corresponding epicoracoid, which later coalescing form the azygos 
keystone of the arch. Its origin as acartilaginous endoskeletal part 
forbids the identification of the Batrachian omosternum with the 
interclavicle of Lizards and Chelonia. 

In the extant Australian Batrachian Calamites cyaneus (fig. 6), 
the omosternum is represented by Parker as permanently retaining 
traces of its primitive duality, and sending backwards from each 
half a small plate on the deep aspect of the preecoracoid. Its deep 
position together with indications of an originally dual composition 
are, I submit, good grounds for assigning a high degree of probability 
to the homology of the median element of the shoulder-girdle in Plesio- 
saurus with the Batrachian omosternum. So far, then, as our pre- 
sent knowledge allows an opinion, we are warranted in considering 
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that a true interclavicle as also true clavicles, both present in Ich- 
thyopterygia, are absent in Sauropterygia. 


Fig. 5.—Shoulder-girdle of Pipa dorsigera. (After Parker.) 


o.st, the omosternum; sé, the scapula; s.sc, the suprascapula; por, the pre- 
coracoid ; er, the coracoid ; er.f, the coracoid foramen; ¢.cr, the epicoracoid ; 
st, the sternum. 


Fig. 6.—Shoulder-girdle of Calamites cyaneus. (After Parker.) 


o.st, the omosternum ; per, the preecoracoid ; sc, the scapula; s.sc, the 
suprascapular ; scf, the scapular foramen ; cr, the coracoid. 
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Time will not allow me to weigh all the points of agreement and 
difference present in the axial skeletons of the representative mem- 
bers of these two orders; and I must limit myself to the expression 
that the difference appears to me so great that, in view of them, it 
is difficult not to regard the association of Ichthyopterygia and Sau- 
ropterygia in one subclass as a taxical convenience, rather than as 
expressive of a direct common ancestry. For such common ancestor 
it would be requisite to go very far back. Gegenbaur hints that 
the Enaliosauria came off from the vertebrate stem before the 
Batrachia (Labyrinthodonta). 

The confusion which, for some time at least, almost invariably fol- 
lows the dissolution of a ‘generally accepted taxis, and the convenience 
of the association of the two orders, recommend ‘the present retention 
of this subclass ; and upon a review of all the evidence, the zoological 
position assigned to Enaliosauria after Amphibia by Prof. R. Owen 
appears to be the best yet proposed. 

In our rocks the order Ichthyopterygia is, as already mentioned, 
represented, I believe, only by the genus Tchthyosaurules for the 
propodial * bone on which Prof. H. G. Seeley founded the Ichthyo- 
sauroid genus Cetarthrosaurus (C. Walker?) agrees so closely with 
the humerus of Platycarpus, Cope, in those very points wherein 
it deviates from the Ichthyosaurian pattern, that I think Cetar- 
throsaurus should be removed from Ichthyosauria into Cope’s sub- 
class Pythonomorpha. In saying this I must guard myself against 
being understood to imply that I regard this subclass as a valid one. 
In North-American rocks the Ichthyopterygia include Sauranodon, 
Marsh, which has a close general resemblance to Jchthyosaurus, but 
is remarkable for being toothless. | 

The geographical distribution of Ichthyosaurus was very wide. 
Remains of one species were brought home by the North Polar 
Expedition under Sir E. Belcher from the islands between West 
Cornwall and North Devon, and vertebre with portions of paddles 
of two very distinct species were discovered in Spitzbergen by the 
Swedish Expeditions in 1864 and 1868, under A. HE. Nordenskiold ; 
while fossils in the British Museum and in the Museum at Christ- 
church, New Zealand, attest the occurrence of the genus as far south as 
the 45th parallel of south latitude. In Europe the number of species, 
as of individuals, appears to have been very great. It is probable, 
however, that a critical review would much reduce them; for there 
is great difficulty in seizing upon good specific characters. These 
Thos. Hawkins found in the shape and number of the mesopodial 
(carpal or tarsal) bones and phalanges ; and on this basis he constructed 
the singular nomenclature used in the ‘ Book of the Great Sea-Dra- 
gons’ and the ‘Memoirs of IJchthyosauri and Plesiosauri, a no- 
menclature not the least wonderful of the many singularities to be 
found in those very remarkable folios. The uncouthness of such 
words as Chiroparamekostinus, Chirostrongulostinus, Chiroligostinus, 
Chiropolyostinus was so repellent that it cannot surprise us that 
they never secured acceptance. 

F * The term applied by Prof. O. C. Marsh Lure to the panies and 
emur. 
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Prof. R. Owen,.who has described the greater number of species 
found in British rocks, has employed for their distinction chiefly the 
form of the teeth, the proportion of the length of the snout to that 
of the rest of the head, and the proportionate length of the head to 
that of the vertebral column. The well-known difference of length 
of the snout in the same species of extant crocodiles in immature 
and mature individuals suggests caution in the use of such propor- 
tionate length as specific characters for Ichthyosaurt, since the 
criteria for inferring the age are less trustworthy in Reptiles, where 
many sutures and cartilaginous parts of the skeleton persist as such 
throughout life, than they are in higher Vertebrata, where they dis- 
appear with maturity, and their presence is a stamp of immaturity. 

As regards their distribution in time, Enaliosauria, as is well known, 
range from the Lias to the Chalk inclusive, where they appear to 
have become extinct; unless the survival of one species of Ichthyo- 
saurus, I. gandavensis, in early Tertiary times be confirmed by 
fresh evidence. | 

To the question of greatest moment to the stratigraphist, whethe 
particular species of Jchthyosaurus and Plesvosaurus can be safely 
taken as stamping particular geological horizons, I must reply that 
our present knowledge does not appear to me to justify this use. 

I have referred to the difficulty in seizing good specific characters 
for Ichthyosaurt. A similar difficulty is felt with respect to the 
members of Conybeare’s original genus Plestosaurus. Prof. H. G. 
Seeley, in a suggestive paper read 24th Nov. 1874, and printed in 
the Quart. Journ. Geol. Soc. vol. xxx. p. 436, showed the existence 
of certain well-marked differences in the form and proportions of 
the elements of the shoulder-girdle, and, assigning to these a generic 
value, he broke up the original genus into several subgenera, of 
which Colymbosaurus and Ophthalmosaurus, Murenosaurus and-~ 
Eretmosaurus may be cited as examples. 

From 1821, the date of Conybeare and De la Beche’s paper to 
which allusion was recently made, until 1841, the genus Plesiosaurus 
was the only representative of the order Sauropterygia discovered 
in British rocks. In 1841, Prof. R. Owen removed out of this 
genus two species, Plesiosaurus grandis, Owen, and P. trochanterius, 
Owen, and made for them the new genus Pliosaurus. The fossils 
on which this genus was first founded were two propodial bones, 
of which one, preserved in the British Museum, was originally in 
the collection of the Earl of Enniskillen, then Viscount Cole; and 
the other, preserved in the Museum at Dorchester, was obtained by 
J. C. Mansel, now J. C. Mansel-Pleydell, Esq., in Kimmeridge Bay. 
To the generic characters furnished by these fossils others, sup- 
plied by teeth and cervical vertebra, were subsequently added. 
Still later, in a paddle from the Portland quarries, Prof. R. Owen 
found another generic character of Phosawrus, the presence of 
a third bone in the second segment of the limb corresponding to 
the cnemion or antibrachion (leg or forearm) of higher vertebrates. 
Lastly, in his paper lately read here, Prof. R. Owen makes known 
another generic character of Pliosaurus in the presence of a dorsad 
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and laterad extension of the scapula corresponding to the blade of 
the scapula of other vertebrates, which he considers to be absent in 
Plesiosaurus. 

Recapitulated in the order in which tkey were enunciated, the 
generic characters of Pliosawrus are those furnished, 1, by the pro- 
podials (femora or humeri); 2, by the cervical vertebre ; 3, by the 
teeth ; 4, by the cnemial cr antibrachial (epipodial, O. C. Marsh) seg- 
ment of the limbs; and, 5, by the ‘‘ sterno-coraco-scapular frame.” 

In estimating the generic value of these several characters, it 
should be borne in mind that no evidence is adduced that any of 
the remains on which they were based were found so associated as 
to warrant the belief that they formed parts of the same skeleton ; 
indeed circumstances show that such was not the case. This is 
certainly true of the two type femora of Pliosaurus grandis and P. 
trochanterius, of the paddle of P. portlandicus, of the sterno-coraco- 
scapular frame, and, I think, also of the vertebrae and teeth. It 
should also be mentioned that the two fine skulls presented to the 
British Museum by J. C. Mansel-Pleydell, Esq., and referred by Prof. 
Owen to Pliosaurus grandis and P. trochanterius, are dissociated 
fossils. 

It is evident that a series of generic characters drawn from such 
dissociated remains can have only a hypothetical value. 


Fig. 7.— Hind limb of Plesiosaurus Manseli. 


“'Y, the tibia; 7, the intermedium; F, the fibula. 
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In a paper read here on 27th of June, 1870, descriptive of a large 
series of remains which, by their close association, were thought by 
Mr. Mansel-Pleydell, under whose personal supervision they were 
exhumed, to form one skeleton, that of a long-necked Plesiosauroid 
(P. Manseli, Hulke), attention was drawn by the author to the close 
resemblance of the humerus of this saurian to the type specimen in 
the British Museum labelled “No. 31,975. Femur, Plesiosaurus 
(later Pliosaurus) trochanterius, Owen,” their similarity being so 
great as to favour their generic and perhaps specific identity. The 
striking resemblance of the femur also of Plesiosaurus Manseli to the 
type fossil in the British Museum labelled “ No. 31,787, a femur of 
Pliosaurus brachydeirus,” was also noticed. The presence of a third 
bone in the second segment of the limb was demonstrated in Plesio- 
saurus Manseli (fig. 7), and shown not to be peculiar to Pliosaurus 
(P. portlandicus). Itshould be remembered that the paddle of Plesto- 
saurus Manseli was identified as such by its association with other 
parts of the skeleton, which was indubitably that of a long, slender- 
necked Plesiosauroid ; whilst the paddle of Pliosaurus portlandicus, 
bought of a dealer (Mr. Smith of Weymouth), had been obtained by 
him from quarrymen, and it was not found with other remains, 
such as the teeth or cervical vertebre ascribed to Pliosaurus. Later 
the British Museum obtained from the same dealer some trunk- 
vertebre which may have come from the same spot where the paddle 
was found; but there is nothing decisive of this, and trunk-vertebrea 
have not the same typical value as cervical, 

From this I think it will be apparent that proof is yet wanting 
that the form of paddle ascribed to Pliosaurus is really Pliosaurian ; 
whilst there is evidence that such paddles were actually possessed 
by Plesiosaurus Manseli. 

A very interesting question, and one having a much wider mor- 
phological bearing than in relation to Sauropterygia, is the homology 
of the third bone in the epipodial segment of the paddle*. This 
(marked No. 67’. figs. 1, 2, pl. iv., in his memoir on Pliosaurus port- 
landicus) Prof. Owen regards as the homologue of the fabella present 
in some Plesiosaurt (P. rugosus), ‘where (he says) its homotype 
in the fore limb is represented by a detached olecranon process of 
the ulna.” The first two ossicles in the figure of the Portland paddle 
referred to, counted from the tibial (or radial) border, are numbered 
by Prof. Owen 66, 67, the numbers by which he always denotes the 
tibia and fibula; and he continues, ‘‘ whether to regard the ossicle 
marked 67' as the apophysial lever of the fibula or as the caleaneum 
may be a question. The ossicle marked 67’, in the Portland paddle 


* Recent investigators, amongst whom I must particularly mention Gegenbaur, 
have shown that the carpus or tarsus (mesopodium, Marsh) of all Vertebrata is 
constructed upon a common plan, however greatly this may be hidden under 
external diversities of form, and that it consists of a proximal row of three bones, 
of which two are named respectively, from their relation to the bones of the 
forearm and leg (or the epipodium), os radiale, os ulnare, os tibiale, os fibulare ; 
of an intermediate ossicle, os intermedium ; of a distal row of ossicles in number 
corresponding to the digits ; and, lastly, of one or two ossicles placed centrally 
between the proximal and distal rows, ossa centralia. 
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(fig. 8), is, I suggest, neither “‘ the apophysial lever of the fibula,” nor 
“ the calcaneum,” nor yet ‘‘a detached olecranon,” but it is the fibula 


Fig. 8.—End of Femur, Epipodial and Tarsal Bones of Pliosaurus 
portlandicus, Owen. (From a plate in the ‘Fossil Reptilia.’) 


T, the tibia=66, tibia, Ow.; 67, the intermedium=fibula, Ow.; 67’, the fibula= 
fabella, Ow.; ¢, os tibiale; c!,c?, ossa.centralia. — 


itself ; and the ossicle marked 67 in the same figure is not the fibula, 
as its number would imply, but it is the intermedium. In the dia- 
gram fig. 7 (copied from fig. 3 in pl. xl. vol. xxv. Quart. Journ. 
Geol. Soc. 1870), which represents the paddle of Plesvosaurus 
Manseli, the letter T marks the tibia (=66 Owen), 7 denotes 
the intermedium (=67 Owen), and F the fibula (=67' Owen). I 
imagine that the identity of these three elements in the epipodial 
segment of the above two paddles is unquestionable, and also that 
their identity with the three epipodial elements in the paddle of 
Sauranodon figured by O. C. Marsh is beyond doubt (fig. 9). I 
think also that the homology of the two laterally placed ossicles in 
the epipodium of Sauranodon with the two similarly situated ossicles 
in the epipodium of Jchthyosaurus (fig. 10) cannot be disputed. But 
these latter are by general consent the homologues of the tibia and 
fibula of higher vertebrates. It follows, therefore, that the lateral 
ossicles in the epipodium of Pliosaurus portlandicus (66, 67') and 
in that of Plesiosaurus Manseli (T, F) are also the tibia and fibula. 
Now the middle ossicle in the epipodium of Sauranodon has been 
identified by O. C. Marsh, rightly as I think, with the entermedium, 
the opinion at which I had myself arrived with respect to the cor- 
responding element in Plesiosaurus Manseli, though noticing its 
agreement with the ossicle which in Jchthyosaurus is intercalated 
between the distal halves of the tibia and fibula. Here it has lost 
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the last touch of the femur or propodial element of the limb, and, 
thrust out of the epipodium, it appears henceforth to belong to the 


Fig. 9.—Hind limb of Sauranodon, Marsh. 


T, the tibia; i, the intermedium; F, the fibula; 7, os tibiale;.f, fibulare 
¢, C, ossa centralia. 


mesopodium, as O. C. Marsh has remarked in Sauranodon. From 
this arrangement to such a mesopodium (carpus, tarsus) as that of 
the living Cryptobranchus japonicus (fig. 13), or of the common land- 
Salamander (figs. 11, 12), is but a small step. 

Another morphological question upon which the Enaliosaurian 
paddles throw light is the primitive duality or singleness of the os 
centrale of the carpus or tarsus (mesopodium), about which opinions 
differ; for in some extant Amphibia the carpus (tarsus) contains one 
os centrale, while in others two ossa centralia are present; and this 
difference has been occasionally observed in the right and left carpus 
of the same individual. Now in Sauranodon (fig. 9), Ichthyosaurus 
(fig. 10), Phosaurus portlandicus, Owen (fig. 8), and, I believe, also 
in Plesiosaurus Manseli, the proximal row in the mesopodium (carpus 
or tarsus) comprises four ossicles, of which, since the two lateral 
ossicles must by their relations be the os tibiale, os fibulare (os 
radiale, os ulnare), the two middle cannot be other than two ossa 
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centralia, which manifestly favours the primitive duality of this 
mesopodial (carpal, tarsal) element. 


Fig. 10.—Hind limb of Ichthyosaurus. (After Hawkins.) 


T, the tibia; F, the fibula; ¢, os tibiale; f, os fibulare; 2, os intermedium : 
c', c?, ossa centralia. 


There remains for me to notice the scapula. In Ichthyosaurus 
(fig. 1) its form is well understood. In Plesiosaurus Prof. R. Owen, 
as has been already mentioned, believes that it has no dorsal exten- 
sion answering to the blade in other Vertebrata ; but he finds such an 
extension of the bone in Pliosawrus. I had thought that such 
dorsal extension of the scapula was recognizable in skeletons of 
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Plesiosaurus presented to the British Museum ; it is certainly very 
obvious in the skeleton of Plesiosawrus cliduchus in the Wood- 


Fig. 11.—Forearm and Hand of Salamandra maculosa. (After 
Hoffmann in Bronn’s ‘ Thierreich,’) 


R, the radius; U, the ulna; w, the os ulnare; *, the os radiale ; 7, the os 
intermedium ; ¢, the os centrale ; 2-5, the distal carpalia, 


Fig. 12.-—Leg and Foot of Salamandra, sp. (After Hoffmann 
in Bronn’s ‘ Thierreich.’) 


T, the tibia ; F, the fibula; ¢, the tibiale; f, the fibulare; 7, the intermedium ; 
c, the os ‘centrale ; 1- 5, the distal carpalia. 
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wardian Museum (fig. 14); there are indications of its presence in 
the skeleton of Plesiosawrus Etheridgii in the Museum in Jermyn 


~ Fig. 13.—Leg and Foot of Cryptobranchus japonicus. (After 
Wiedersheim in Gegenbaur’s Morphol. Jahrb. iii.) 


T, the tibia ; F, the fibula ; ¢, os tibiale ; f, os fibulare; c,c 1,c 2, ossa centralia : 
t, os intermedium; 1-5 distal carpalia. 


Fig. 14.—Plestosaurus cliduchus. (From a photograph of the 
fossil in the Woodwardian Museum.) 


s, scapula; c, the coracoid ; per, the precoracoid ; g/, the glenoid fossa. 


Street ; and it is, I venture to say, impossible to overlook it in the 
admirably executed cast of a skeleton of Plesiosaurus dolichodeirus 
which forms one of the treasures in our own Museum (fig. 15). This 
cast, with others, Mr. Dallas informs me, was presented to the Society 
by Baron Cuvier on the 3rd February, 1829 ; and these specimens are 
mentioned by the President, Dr. Fitton, in his anniversary address 
on the 20th of the same month in that year, as ‘‘ doubly valuable on 
account of their connexion with his own [Cuvier’s] publications.” I 
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submit, then, that the evidence of a dorsal extension of the scapula in 
Plesiosaurus is irrefragable. With regard to its presence in Plio- 
saurus, whilst I do not see any reason to doubt it (for analogy 


Fig. 15.—Plesiosaurus dolichodeirus. (From a cast in the 
Geological Society’s Museum.) 


per, the precoracoid ; sc, the scapula; cor, coracoid ; f, foramen 
H, the humerus; g/, the glenoid fossa. 


would lead one to expect it), I find in the British Museum only two 
specimens bearing on the question, and cannot learn of the existence 
of others. They are a pair of scapule associated with a trunk- 
vertebra and ribs assigned to Pliosaurus planus, Owen, and the 
very fine, almost perfect, shoulder-girdle, a dissociated fossil, pur- 
chased some years ago, I think, of Mr. Charlesworth, and referred to 
Pliosaurus, sp. inc. (fig.16). The generic identification of these two 
fossils with Pliosaurus being, as I submit, non-proven, they cannot 
afford decisive evidence of the form of the scapula in this genus, On 
the other hand there is unimpeachable evidence that Plesiosaurians 
of the Elasmosaurian pattern, as Colymbosaurus, long-necked and 
therefore certainly not Plosaurian, had a scapula sending off 
*‘ dorsad and laterad”’ such a blade or process as was ascribed by 
Prof. Owen to Pliosaurus, and represented by him in his figure of 
the ‘ sterno-coraco-scapular frame,” which it is believed was sug- 
gested by the fossil No. 46833 in the British Museum. With respect 
to Ples. Manseli, since its coracoids resemble those of No. 46833, 
analogy justifies the inference that there is a corresponding agree- 
ment of the scapule. 

Another generic character of Pliosaurus, found by Prof. Owen 
in the junction of the anterior recurved part of the (precoracoid) 
scapula (Ow.) with the narrow anterior preglenoid part of the cora- 
coid, at the mesial and inner border of the coraco-scapular vacuity, 
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‘was given by Prof. Cope in 1870 as a character of his genus 
Elasmosaurus, a very long-necked Plesiosaurian, to which, as already 


Fig. 16.—Shoulder-girdle of Pliosaurus, Owen. 


pe, the precoracoid ; co, the coracoid; sc, the scapula; g/, the glenoid fossa; 
f, the coraco-scapular vacuity. ~ 


said, Plesiosaurus Manseli, Ples. cliduchus, and Oolymbosaurus seem 
nearly related. The present untrustworthiness of generic cha- 
racters of Pliosaurus deduced from the propodial, epipodial, and 
mesopodial segments of the limbs has already been shown, These 
and similar defects in regard to the shoulder-girdle do not, however, 
necessarily annul the genus, which, in spite of them, may survive 
to afford another illustration of the Linnean aphorism, ‘ Character 
non facit genus, sed genus dat character.” 


The remaining four reptilian papers referred to members of the 
subclass Dinosauria. Three of these were by Prof. H. G. Seeley. 
One was a description of a sacrum, represented chiefly by a cast in 
sandstone, remarkable for the large number (seven) of the vertebral 
centra composing it, and for the lateral compression and height of 
the neural canal. The same author, in another paper, brought 
under our notice some thoracic vertebre from Wealden rocks, 
distinguished by the lateral compression of the centrum inferiorly, 
which suggested the name Sphenospondylus. It is a form of ver- 
tebra not uncommon at more than one horizon in the Wealden cliffs 
of the south coast of the Isle of Wight, from which I have myself 
dug out several, one of which was associated with an Iguanodont 
ischium. This and the close resemblance of their compressed 
figure to that of the centra of the same part of the vertebral column 
in Iguanodon Prestwichii led me to refer such vertebra to a species 
of Iguanodon. The last two papers I shall notice are a description 
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by Prof. H. G. Seeley of an extremely fine coracoid ascribed by him 
to the genus Ornithopsis, and one by myself describing an ischium 
and pubis referable to the same genus, which contains the largest 
and most singularly constructed of all our Dinosauria. These 
fossils confirm the close parallelism between some of our Wealden 
Dinosauria and certain North-American forms of Prof. O.C. Marsh’s 
suborder Sauropoda, to which attention has been called by Prof. R. 
Owen, myself, and others. This resemblance will be yet more 
clearly shown, I believe, when the magnificent memoir on the 
North-American Dinosauria, illustrated by ninety 4to plates, upon 
which Prof. O. C. Marsh is now engaged, is published. 

I cannot dismiss the Dinosauria without commending to your 
notice the excellent ‘“‘ Note premiére sur les Dinosauriens de Ber- 
nissart,” par M. Dollo, Aide-Naturaliste au Musée Royal d’Histoire 
Naturelle de Belgique, extrait du Bulletin du Musée Royal,t. i. 1882, 
pl.ix. Here now are first depicted the shoulder- and hip-girdles with 
the fore and hind limbs of Iguanodon Mantelli, and also those of a 
bulkier species with which M. Dollo, with much probability, iden- 
tifies my J. Seelyi. It was with no small pleasure that I saw repro- 
duced in natural articulation the arrangement of the ventral bars 
of the hip-girdle, of which I have diagrammatically given a figure 
at p. 365 of vol. xxxii. of our Quarterly Journal for 1875. 

M. Dollo, in this note, calls attention to the edentulousness of the 
premaxilla in Jguanodon, which constitutes an important distinction 
from Hypsilophodon. He shows that the “radial spine” of Prof. 
Owen is the modified ungual phalanx of the thumb (as may, indeed, 
be seen in the figure in the fossil reptilia taken from Mr. Beccles’s 
specimen). M. Dollo’s figures demonstrate that the number of the 
phalanges in any toe of the pentadactyle fore foot does not exceed 
three, a frequent number in Amphibia, the dominant number in 
Chelonia, and that characteristic of the higher vertebrates, a point 
worth noticing. In a “ Deuxiéme Note” which he most courteously 
sent me a few days since, M. Dollo proposes to make known the 
sternum, of which he writes, “je dirai d’abord que je ne connais: 
aucun reptile vivant ou fossile possédant un appareil sternal qui puisse 
étre mis en paralléle avec celui des Dinosauriens de Bernissart,” a. 
remark which will be echoed by every one who looks at the diagram. 
made by Mr. W. R. Jones from M. Dollo’s figure (fig. 17). Pending 
the confirmation of M. Dollo’s restoration of the shoulder-girdle by 
other skeletons of Igwanodon in the Brussels collection yet un- 
stripped of matrix, if I were disposed to speculate, taking as my 
guide the coracoids of Sphenodon or Chameleon, which in their. 
simplicity most nearly resemble those of Jguanodon, I should put 
a crescentic lip of cartilage on the mesial border of the latter. 
(representing pre- and epicoracoid), intercalate between them a 
rhomboidal sternum, and attach to the posterior margins of this 
some of the foremost ribs (fig. 18); that M. Dollo has rightly inter- 
preted the bones marked S$. in his figure of the sternum, I confess to 
feeling some doubt; they are the bones which Prof. O. C. Marsh 
considered clavicles, but which I myself had thought to resemble. 

VOL, XXXIX. 
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the dilated riblets at the root. of the neck in living lizards, im- 
mediately preceding those which join the breast-bone, more nearly 
than any other skeletal elements with which I am acquainted ; but the 
absence of any indication of bifurcation made me hesitate to con- 
sider them such, because all the cervical and the foremost thoracic 
ribs in [guanodon have a forked vertebral end. If sternal, I should 


Fig. 17.—Shoulder-girdle of Iguanodon. ' (From M. Dollo’s figure.) 


sc, the seapula; cor, the voracoid ; st, the sternum; gi, the glenoid fossa. 


invert the base, and directing the narrow end downwards, regard 
them as the homologues of xiphisternals only ; but to this hypothesis, 
not less than to their supposed homology with the paired sternal plates 
of Brontosaurus, there seem to me to be strong objections, notably the 
absence of marks of costal attachments ; so that, upon a review of 
all the circumstances, I think the balance of probabilities inclines 
towards Prof. O. C. Marsh’s opinion that they are clavicles. To 
the objection that had such a rhomboidal sternum as I have 
imagined actually existed it must have been preserved, I would 
reply that this presupposes that it must have been an osseous plate ; 
but the analogy of Crocodilia shows that it might have been cartila- 
ginous, and have perished with the rotting of the carcass, the epi- 
sternum alone remaining; and this is favoured by M. Dollo’s dis- 
covering between the coracoids and his xiphisternals (?) ‘‘ une piéce 
osseuse, fusiforme et légérement bombée sur sa face centrale,” which 
he is himself disposed to regard as episternal; for one can hardly 
suppose it probable that the bony sternum perished while the epi- 
sternum was preserved. | 
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ceeded by the vast quantities of vertebrate remains which for several 
years past have been obtained in the United States of America from 


Fig. 18.—Shoulder-qirdle of Iguanodon. 


inc, the interclavicle; c/, the clavicle; sc, the scapula; epe, the epicoracoid. 


Jurassic and newer rocks. Dr. Hayden wrote to me in December 
that Prof. Cope had in the press an important volume illustrated by 
200 plates, belonging to his quarto series, which he hoped would 
appear in the spring. Prof. O. C. Marsh’s admirable monograph 
“Qn the Toothed Birds” witnesses to the abundance and complete- 
ness of preservation of the ornithic remains. The lithographic 
illustration of this memoir cannot, I think, be excelled. The same 
exquisite rendering is apparent in his figure of Ramphorhynchus 
phyllurus, a Solenhofen Pterodactyle, in which the artist has suc- 
ceeded wonderfully in reproducing the delicate marking and folds of 
the wing-membranes. In the article on “The Wings of Prero- 
dactyles,” which this figure illustrates, Prof. Marsh mentions that 
the collections of Yale College contain 600 specimens of Cretaceous 
Pterodactyles, nearly all of gigantic size, having a spread of wing 
from 15 to 20 feet, toothless, and therefore belonging to the order 
Pteranodonta, and e xhibiting the peculiarities of an anchylosis of 
several of the thoracic vertebre and synostosis of their spinous pro- 
cesses, to which latter the suprascapule are firmly joined, thus 
repeating in the. shoulder-girdle the sacrum and .sacro-iliac union 
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of the hip-girdle. Anchylosis of a variable number of the trunk- 
vertebra is a well-known occurrence in birds ; but in them the supra- 
scapule are devoid of fixed connexion with the vertebral column. 
The only vertebrates in which I know of a similar arrangement to 
that observed in Pteranodon are very far below the latter in the 
vertebrate scale. I refer to Skates, in which the vertebral spinous 
processes are wedged in between the suprascapule, which are 
firmly connected with them by fibrous ligaments. 

I cannot dismiss the Pterosauria without mentioning Prof. Karl 
Zittel’s valuable memoir ‘“ Ueber Flugsaurier aus dem litho- 
graphischen Schiefer Bayerns,” published in the ‘ Paleontographica’ 
in October 1882. It contains an excellent description of the wing- 
membrane of Rhamphorhynchus Gemmingi, H.:v. Meyer, from an 
excellently preserved specimen found near Hichstadt and acquired 
by the Munich Museum. The accompanying photograph shows the 
delicate wrinkling of the membrane, and the same long, elegantly 
tapering form of wing displayed by Prof. Marsh’s specimen. Prof. 
Zittel confirms Marsh’s determination of the pteroid bone as the 
metacarpal of the pollex, and corroborates his view of the wing- 
finger being the fifth. 

A beautifully perfect skull of this same species of Pterodactyle 
shows that the sclerotic coat of the eyeball had a circle of bony 
plates ; and consequently this feature loses its value as a distinction 
between Rhamphorhynchus and Pterodactylus, of which latter genus 
H. v. Meyer had thought it characteristic. A third specimen shows 
the number of sacral vertebre to be four, and not three, as had been 
previously supposed; that the ilium had a long and expanded ant- 
acetabular and a short and slender postacetabular process ; the © 
pubis a narrow, angularly bent bar, directed forwards and inwards, 
met its fellow ventrally in a median symphysis; whilst the ischia 
are broad, vertical, slightly converging plates which do not meet one 
another, but leave the pelvic outlet widely open below. The avian 
similarity of the ilia and ischia should be noticed. 

Leaving these dry bones for subjects of wider interest, the recently 
published ‘Compte Rendu’ of the Second International Congress held 
at Bologna is too important to pass unnoticed. The excellence of 
the type, the fineness of the paper, the whole style and appearance 
of the volume do great credit to the Imprimerie Fava et Guragnani, 
from whose press it issued. Probably the most valuable scientific 
work of the Congress were the deliberations upon the “ Rapports 
des Commissions Internationales pour |’Unification de la Nomen- 
elature Géologique, et pour la question des Régles 4 suivre pour 
établir la Nomenclature des Espéces.” The decisions of so important 
a body on subjects of such moment deserve our earnest attention, 
and it would be well for every one of our Fellows to make himself 
familiar with them. Of the advantages likely to accrue from such 
international uniformity of stratigraphical terms it is impossible to 
entertain any doubt; they are indeed so great that to not a few 
geologists they would appear sufficient to compensate for temporary 
inconveniences such as those: incidental to the suppression of 
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familiar names, or even the introduction of new ones. At pre- 
sent, even within the limits of our country and its dependencies, 
stratigraphical and chronological terms do not bear invariably pre- 
cisely the same meaning in the writings of different authors, and 
similar differences may be noticed in the colouring and graphic 
marking of maps. 

This indubitably tends to create confusions and misapprehensions, 
real hindrances to the acquisition and spread of geological knowledge, 
which all must desire to see removed. The projected execution 
at Berlin of a geological map of Europe, under the direction of 
a Committee of the Congress, will afford to all an opportunity of see- 
ing the proposed method of colouring and the graphic signs. 

The decisions of the ongress with respect to paleontological 
nomenclature have a peculiar force at the present time, when the 
multiplication of genera and species by the discovery of distinctly 
new forms, or the renaming of old ones (a not unfrequent event of 
late), proceeds at a prodigious rate. The truth of the following 
extract from a letter addressed by M. Alph. de Candolle to M. 
Capellini, the President of the Congress, will be apparent to every 
one ; he writes :—‘“ S’il y a quelque chose de vague et de contestable 
dans les sciences naturelles, c’est la distinction des espéces en 
paléontologie. On ne voit jamais tous les caractéres qu'il fau- 
drait connaitre pour les distinguer;” and he illustrates this by 
reference to the varying forms of the leaves of plants, remarking 
that one single stem of Hucalyptus would by its leaves supply five 
or six such species as are admitted into paleontology, and one of 
Broussonnetia would yield from ten to fifteen. . 

It will be within the recollection of some present that in the 
early part of last session Mr. J. 8S. Gardner, in the discussion which 
followed the reading of his paper “On the Geology of Madeira,” drew 
attention to the confusion arising from this cause, and instanced the 
many variations of the leaf-form in Rubus. 

I may not hold paleontologists wholly blameless in respect of the 
reproach conveyed in M. de Candolle’s letter. One taxonomy 
should apply to the dead and the living, since each of these are but 
the earlier and the later links in our ever onward-moving series of 
beings. Any such distinction as is implied in the popular idea of 
a paleontologist as a person wholly concerned with extinct and a 
zoologist as wholly busied with living forms is to be deprecated. The 
past and the present are complementary, they are mutually illus- 
trative. It is not possible to understand extinct forms without an 
acquaintance with those now living; and living forms are simply 
unintelligible, so far as relates to a right comprehension of them, 
without an acquaintance with the extinct. 

In conclusion, one very important event which took place during 
the meeting of the Congress must be mentioned ; it is the founding 
of the “ Geological Society of Italy.” Let us wish it God-speed, and 
cherish the hope that the circumstances of its birth may prove a 
happy augury of its future prosperity. 
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February 21, 1883. 
J. W. Hurxg, Esq., F.R.S., President, in the Chair. 


Rey. John Birks, 4 Park Terrace, Taunton ; Capt. James Scott 
Black, 4 Upper Brook Street, Grosvenor Square, W.; John Bradford, 
Esq., East Acton, W.; Thomas Alexis Dash, Hsq., M. Inst. C.E., 
The Hollies, Feltham, Middlesex; Henry Lewis, Esq., Annesley, 
Nottingham ; and Thomas Morris, ‘Esq., Bridge House, W arrington, 
“were elected Fellows of the Society. 


A set of Thirty Microscopic Slides, showing the condition of gold 
and sands found with Placer Gold in California, were presented to 
the Museum by H. G. Hanks, Esq., State Mineralogist, San 
Francisco. 


The Secretary read the translation of a letter from Prof. H. R. 
Goppert, F.M.G.S., relating to the first volume of his work on 
‘Vegetable Remains in Amber,’ of which the first completed copy 
had been sent by him to the Society’s Library in acknowledgment 
of the award to him of the Murchison Medal. The letter is as 
follows :— 


Honovrep Mr. Presipent,— 

I have just received from Danzig the information that my 

work upon Amber, which has been printed there, is ready for issue. 
At my special desire at least one copy of it has been got ready, which, 
although I have not seen it, I have the honour to send to your 
honourable Society. It is the first Section upon the Conifers of 
Amber, a work which called for much preliminary labour, and the 
production of which has consequently been delayed until the late 
evening of my life. Amber is indisputably the richest of all fossils 
in marvels, seeing that it alone, by its vegetable and animal 
enclosures, has preserved the extremely rich flora and fauna, and 
furnished us with an insight into that period of which no other 
can boast. In this transparent grave of a flora long since passed 
away, remains of plants have been found by me which are 
regarded as characteristic plants of every Miocene flora, and thus 
indicate their position with certainty. In the present work these 
are Cupressinese: and among them such as furnish proofs of the 
infinite duration of a species, as Thuja occidentalis, Riota orientalis, 
Cupressus sempervirens, Taxodium, &c. This will be still more 
recognizable in the inclusions of cryptogamic cellular plants, espe- 
cially the Fungi. Some 23 species of all the chief groups are 
present—even an Jsaria with Astrostalagmus as evidences of alter- 
nation of generations, Ascomycetes, Peziza, Clavaria, Boletus, which, 
like the species of Lichens, cannot be distinguished from those of the 
present day—and, with the numerous mosses present, will complete 
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the whole Tertiary flora, if we wish to obtain the general picture of 
a flora. These will constitute the following volume. 

In the elaboration and the discovery of the materials for this 
next volume, Professor A. Menge, who died in Danzig in January 
1880, has an important share. The collection of inclusions in 
Amber, his work, is now in the possession of the Naturforschende 
Gesellschaft zu Danzig, as an inestimable treasure. But all that 
relates to the Amber tree, some 1000 hand specimens and prepa- 
rations, belongs to my collection. The figures on Taf. iv.—viii. 
also show the types of the fossil Coniferze, which may serve for the 
determination of fossil Conifere in general and of the remains of 
wood enclosed in Amber. Among them the type of the Araucarie 
(our Araucarites) merits special mention, in remembrance of its 
introduction by Witham into his classical memoir ‘ The Internal 
Structure of Fossil Vegetals’ (Edinburgh, 1833), which will always 
claim an honourable place in the history of phytopaleontology. 

- In conclusion, I introduce in my work an attempt to explain the 
enigmatical fossilization of Amber, and the disappearance of the 
trunks furnishing the Amber, which only remain to us in a few 
fragments of 2-3 inches long in my possession. 

. (Signed) Dr. Hzrnrich Rosert Goprerr. 


_ The following communications were read :— 


1. “On the Relation of the so-called ‘N orthampton Sand’ of 
North Oxfordshire to the Clypeus-Grit.” By Edwin A. Walford, 
Esq., F.G.S. 


2. “Results of Observations in 1882 on the Positions of 
Boulders relatively to the Underlying and Surrounding Ground, in 
North Wales and North-west Yorkshire; with Remarks on the 
Evidence they furnish of the Recency of the Close of the Glacial 
Period.” By D. Mackintosh, Esq., F.G.S. 


[ Abstract. ] 


The author began by showing how boulders may be regarded as 
natural time-measurers by their protecting the rock-surface under- 
neath from the action of rain, which, around the boulders, denudes 
the surface, especially on the leeward and windward sides, where 
hollows resulting from pluvio-torrential action may generally be 
seen. He then described and explained the origin of the different 
forms of supports under boulders, which graduate from flat surfaces 
to pedestals of various forms, which he divided into appropriated 
(or preexisting), and those acquired through the boulders protect- 
ing the underlying rock from denudation. The author then de- 
scribed the positions of boulders on the high and uninhabited 
Eglwyseg limestone plateau near Llangollen, where it is certain 
they had never been disturbed by man. There he found that the 
average vertical extent of denudation by pluvial action around the 
boulders, since their arriyal,-was not more than six inches. After 
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endeavouring to account for the fractured and crushed condition of 
the rocks under these boulders by precipitation from floating ice, 
he gave an account of his discoveries on the high limestone plateau 
north-east of Clapham (Yorkshire), where there is a “ ghastly 
array” of many hundreds of large Silurian grit and slate boulders, 
nearly black in colour. From many facts and considerations the 
author endeavoured to show that most of the pedestals of these 
boulders must have existed before the arrival of the boulders, while 
the pedestals acquired through the boulders protecting the under- 
lying rock from denudation were generally imperfectly formed: 
On the Clapham plateau he found that the average vertical extent 
of denudation around the boulders with acquired pedestals was not 
more than on the Eglwyseg plateau, or about six inches. In the 
case of boulders which were not well adapted to concentrate rain- 
water, the extent of lowering of the surrounding rock-surface was 
_ often inappreciable ; and this accounted for the continuous extension 
of flat limestone rock-surfaces under some of the boulders. The 
author then described what he had found to be preglacial as well 
as postglacial rain-grooves on limestone rock-surfaces, near Minera 
and on Halkin mountain (North Wales), where he found the average 
depth of those of the grooves which were probably postglacial to 
be about six inches. In conclusion the author entered into a con- 
sideration of the time which has elapsed since the close of the 
glacial period, and stated the main results of his observations as 
follows :— 

1. That the average vertical extent of the denudation of limestone 
rocks around boulders has not been more than six inches, 

2. That the average rate of the denudation has not been less fam 
one inch in a thousand years. 

3. That a period of not more than six thousand years has elapsed 
since the boulders were left in their present positions by land-ice, 
floating ice, or both. 


Discussion. 


Prof. Huenes bore testimony to the value of the labours of Mr. 
Mackintosh in recording the character and manner of occurrence of 
boulders scattered over Wales and the North of England. He 
pointed out, however, that the calculations of the rate of waste 
made by the authors quoted was founded upon observations over a 
very large area, where the hard and soft rocks compensated for one 
another, and an average was obtained, but that this rate could not 
be taken as that of any one rock-surface such as referred to by 
Mr. Mackintosh. He had himself, in 1867 *, described the Norber 
boulders, and proposed the question, ‘“ Assuming the average periodic 
rainfall to have been constant, or any rate to be determinable, and 
the quantity of limestone removed by a given quantity of rain- 
water to be known, to find how many years have elapsed since this 
limestone was exposed to subaerial denudation.” But the rainfall 


* Geol. and Polytechnic Soc. West Riding, Yorkshire, July 1867, p. 11. 
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cannot be assumed : to have been constant; and though it is known 

that pure water will take up 2 grains per gallon of carbonate of 
lime, the rain-water that acted on the limestone was not pure, but 

had obtained from various sources a considerable but variable 

quantity of carbonic acid, which would enable it to remove the lime- 

stone far more rapidly. Moreover it was not at all clear that the 

boulders had been left on a clean surface of limestone, but many of 
them probably were left there when the Boulder-clay in which they 

had. been imbedded was washed away by streams of water not strong 

enough to carry the boulders too. He thought that the breaking- - 
down of parts of the pedestal was due to the weight of the boulder 

when denudation along joints and furrows had isolated and under- 

mined small portions, and that if they had been dropped through 

water the velocity would have been checked, or if, as was more 

probable, left by a glacier, they would not have been dropped on to 

the bare rock at all; and he gave the example of boulders hurled by 

a torrent against the wall of Gaping Gill, and only bruising the sur- 

face of the rock, but not breaking it up. 

Mr. Trppeman agreed in the main with Prof. Hughes as to the 
Norber boulders. If the rate of waste of limestone could be ascer- 
tained, that would only give us a minimum of the time elapsed. 
But the hypothesis that the boulders had been dropped on pre- 
existing pinnacles was highly improbable. The arrangement of the 
boulders on a plateau of limestone with scratches beneath them, and 
scratches on the parent rock to the north at a lower level, though 
higher up the valley, these scratches being in the same straight line, 
showed distinctly that the agent was land-ice. 

Dr. Hicks thought Mr. Mackintosh had failed to prove his theory. 
Most of these areas must have been covered by Till. Heshowed by 
a section how the boulders were imbedded in the Till. 

Prof. Bonney said there were many theoretical difficulties in Mr. 
Mackintosh’s supposition, although it was remarkable how little 
change had taken place in some regions since the disappearance of 
the ice. History or tradition reached back for at least half the 
period of 6000 years, and there was no hint of a refrigeration of 
climate; 10,500 years was required for the maximum of cold, if we 
were to assign a lowering of temperature to precession ; while, if 
we consult the tables of the values of the eccentricity of the earth’s 
orbit, we find the first high eccentricity was 100,000 years ago, 
so that 6000 years from the preseut time the change due to this 
would hardly be appreciable. 


3. “Notes on the Corals and Bryozoans of the Wenlock Shales 
(Mr. Maw’s Washings).” By G. R. Vine, Esq. Communicated by 
’ Prof. P. Martin Duncan, M.B., F.R.S., V.P.G.S. 

[ Abstract. ] 

The author briefly discussed the views of different writers upon 
the systematic position of the genera Chetetes, Monticulipora, and 
their allies, and also of the forms referred to the Polyzoa, and gave 
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a list of 39 species and varieties of Corals and Polyzoa obtained by 
him from Mr. Maw’s washings of deposits belonging to the Wenlock 
series in Shropshire. These forms were referred by him to the 
genera Dekayia, Monticulipora, Callopora, Heliolites, Thecia, Favo- 
sites, Syringopora, Halysites, Coenites, Cyathophyllum, Lindstreemia, 
Cladopora, Lewoclema, Ceriopora, and Ceramopora. New species 
are Leioclema granatum and pulchellum. 


Specimens were exhibited by Messrs. Walford and Vine, in 
- illustration of their papers. 


March 7, 1883. 
J. W. Houtxsz, Ksgq., F.B.S., President, in the Chair. 


Thomas Gustav Hawley, Esq., Park Hill, Kenilworth; Richard 
Lydekker, Esq., B.A., The Lodge, Harpenden, Herts; and J. 
O’Donoghue, Esq., 1 Cambridge Villas, Cambridge Gardens, Notting 
Hill, W., were elected Fellows, and M. F. L. Cornet, of Mons, a 
Foreign Correspondent of the Society. 


The List of Donations to the Library was read. 


Specimens of Fossil Plants from the Coal-measures of Cape Breton, 
Nova Scotia, were presented to the Museum by C. Barrington 
Brown, Esq., F.G.8. 


The following communications were read :— 


1. “On Gray and Milne’s Seismographic Apparatus.” By Thomas 
Gray, Esq., B.Sc., F.R.S.E. Communicated by the President. 


2. ** Notes on some Fossils, chiefly Mollusca, from the Inferior 
Oolite.” By the Rev. G. F. Whidborne, M.A., F.G.S. 


3. “On some Fossil Sponges from the Inferior Oolite.” By 
Prof. W. J. Sollas, M.A., F.G.S. 


4. “On the Dinosaurs from the Maastricht Beds.” By Prof. 
H. G. Seeley, F.R.S., F.G.S. 


The following objects were exhibited :— 


The Gray and Milne Seismographic Apparatus, exhibited by T. 
Gray, Esq. 

Specimens from the Inferior Oolite, exhibited by the Rev. G. F. 
Whidborne, M.A., F.G.S., in illustration of his paper. 
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March 21, 1883. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. 


Charles Albert Barber, Esq., 5 Furnival’s Inn, Holborn, E.C., and 
Bristol House, Brighton, was elected a Fellow of the Society. 


The List of Donations to the Library was read. 
The following communication was read :— 


“Qn the Supposed Pre-Cambrian Rocks of St. David’s.” By 
Archibald Geikie, Esq., LL.D., F.R.S. (Part L.) 


Rocks and microscopic sections were exhibited by A. Geikie, Esq., 
in illustration of his paper. 


April 11, 1883. 
J. W. Hues, Esq., F.R.S., President, in the Chair. 

Robert Kidston, Esq., 24 Victoria Place, Stirling; and Prof. 
Henry Shaler Williams, Ph.D. (Yale), Cornell University, Ithaca, 
N.Y., U.S.A., were elected Fellows of the Society. 

The List of Donations to the Library was read. 

The following presents were made to the Museum :—A collection 
of Rocks and Fossils from Japan, presented by Prof. John Morris, 


M.A., F.G.S., and Rock specimens from Williams Cafon, Colorado, 
presented by H. Bauerman, Esq., F.G.S. 


The following communication was read :— 


“On the Supposed Pre-Cambrian Rocks of St. David’s.” By 
Archibald Geikie, Esq., F.R.S., F.G.S. (Part IL.) 


The following specimens were exhibited :— 
Rocks and Rock-sections, exhibited by A. Geikie, Esq., in ilus- 


tration of his paper. 
Rocks from St. Dayid’s, exhibited by Dr. H. Hicks. 
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April 25, 1883. 
J. W. Hux, Esq., F.R.S., President, in the Chair. 


Rev. William Franklen Evans, M.A., Felstead School, Essex; 
Ernest Hall Hedley, Esq., Gellygron, Pontardawe, near Swansea ; 
and Henry James Plowright, Esq., Brampton, Chesterfield, were 
elected Fellows, and Dr. J. 8. Newberry, of New York, a Foreign 
-Member of the Society. 


The List of Donations to the Library was read. 
The following communications were read :— 


1. “On the Skull of Megalosawrus.” By Prof. R. Owen, C.B., 
F.R.S., F.G.S. 


2. “Notes on the Bagshot Sands.” By H. W. Monckton, Esq., 
F.G.S. 


3. * Additional Note on Boulders of Hornblende Picrite near the 
Western Coast of Anglesey.” By Prof. T. G. Bonney, M.A., F.RB.S., 
Sec. G.S. 


The following specimens were exhibited :— 


Fossils from the Bagshot Sands, exhibited by H. W. Monckton, 
Ksq., in illustration of his paper. 

Rocks and microscopic sections, exhibited by Prof. T. G. Bonney, 
in illustration of his paper. 


May 9, 1883. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. — 


Rev. William Spiers, M.A., Lily Bank, Chorlton-cum-Hardy, 
Manchester ; and H. A. Williams, Esq.,91 Pembroke Road, Clifton, 
were elected Fellows of the Society. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. “The Age of the newer Gneissic Rocks of the Northern High- 
lands.” By C. Callaway, Esq., D.Sc., F.G.S8: With Notes on the 
Lithology of the Specimens collected, by Prof. 'T.G. Bonney, M.4A.., 
F.R.S., Sec. G.S. 
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2. “On a group of Minerals from Lilleshall, Salop.” By C. J. 
Woodward, Esq., B.Sc., F.G.S. 


3. “* Fossil Chilostomatous Bryozoa from Muddy Creek, Victoria.” 
By A. W. Waters, Esq., F.G.S. 


The following were exhibited :-— : 

Microscopic Preparations of Algoid Bodies found in Russian Coal, 
exhibited by E. T. Newton, Esq., F.G.S., on behalf of Dr. Reinsch. 

Specimens of Shells found in Drift at a Depth of 21 feet, at Whit- 
church, Shropshire, exhibited by the Rev. T. W. Norwood, F.G.S. 

Rock-specimens, exhibited by Dr. Callaway, in illustration of his 
paper. 

Minerals, exhibited by C. J. Woodward, Esq., in illustration of 
his paper. 


May 23, 1883. 
J. W. Hurxs, Esq., F.R.S., President, in the Chair. 


Ernest Le Neve Foster, Esq., Georgetown, Colorado, U.S.A., and 
Richard Bullen Newton, Hsq., Melrose Villa, Applegarth Road. 
West Kensington, ‘W., were elected Fellows of the Society. 


The List of Donations to the Library was read. 


A specimen of a waterworn pebble of Galena from an alluvial 
deposit of lead-ore, Minera, Wrexham, was presented to the Museum 
by Dr. C. Le Neve Foster, F.G.S. _ 


The following communications were read :— 


1. “On the Basalt-glass (Tachylyte) of the Western Isles of 
Scotland.” By Prof. J. W. Judd, F.R.S., Sec. G.S., and G. A. J. 
Cole, Esq., F.G.S. 


2. “On a Section recently exposed in Baron Hill Park, near 
Beaumaris.” By Prof. T. G. Bonney, M.A., F.R.S., Sec. G.S. 


3. “On the Rocks between the Quartz-felsite and the Cambrian 
Series in the neighbourhood of Bangor.” By Prof. T. G. Bonney, 
M.A., F.R.S., Sec. G.S. 


The following were exhibited :— 


Rock-specimens and microscopic sections, exhibited by Prof. J. W. 
Judd and G. A. J. Cole, Esq., in illustration of their paper. 
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Rock-specimens, exhibited by Prof. T. G. Bonney, in illustration 
of his papers. 

Specimen of rock from Hlbrouz, Asia Minor, at an elevation of 
about 17,500 feet, exhibited by Prof. T. G. Bonney. 


June 6, 1883. 
J. W. Horr, Esq., F.R.S., President, in the Chair. 


George Paul, Esq., Moortown, near Leeds, was elected a Fellow 
of the Society. 


The following names of Fellows of the Society were read out for 
the first time in conformity with the Bye-Laws, Sec. VI. B. Art. 6, 
in consequence of the non-payment of the arrears of their contri- 
butions :—Rey. J. Crompton; J. Derrington, Esq.; Rev. J. T. C. 
Gullon; J. Harte, Esq.; D. R. Irvine, Esq.; T. R. Mellor, Esq. ; 
R. Plant, Esq.; L. Rhys, Esq.; 8. R. Smyth, Esq.; and Dr. E. H. 
W. Swete. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. “The Estuaries of the Severn and its Tributaries, an inquiry 
into the Nature and Origin of their Tidal Sediment and Alluvial 
Flats.” By Prof. W. J. Sollas, M.A., F.R.S.E., F.G.S. 


2. “Notes on a Collection of Fossils and Rock-specimens from 
West Australia, north of the Gascoyne River.” mf W. H. Hudleston, 
Esq., M.A., F.L.S., F.G.S. 


3. “ Notes on the Geology of the Troad.” By J. 8. Diller, Esq. 
Communicated by W. Topley, Esq., F.G.S. 


The following objects were exhibited :— 


Specimens, exhibited by Prof. W. J. Sollas and W. H. Hudleston, 
Ksq., in illustration of their papers; and 

Photographs of a fossil Saurian skeleton from the Upper Lias of 
Sedbury Cliff in Gloucestershire, exhibited by John Yeats, Esq. 
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June 20, 1883. 


J. W. Horxs, Esq., F.R.S., President, in the Chair. 


Henry Yorke Lyell Brown, Esq., Director of the Geological Survey 
of South Australia, Adelaide; Edward St. F. Moore, Esq., Lieut. 
Ath Batt. Northamptonshire Regt., Woodbridge, Suffolk; John 
Henry Nichols, Esq., Sandfield Hall, Newton-le-Willows; and 
Henry Parker, Esq., Irrigation Officer, Public Works Department, 
Ceylon, were elected Fellows, and Baron F. von Richthofen, of 
Berlin, a Foreign Correspondent of the Society. 


The following names of Fellows of the Society were read out for 
the second time in conformity with the Bye-Laws, Sec. VI. B. Art. 6, 
in consequence of the non-payment of the arrears of their contri- 
butions :—Rev. J. Crompton; J. Dorrington, Esq.; Rev. J. T. C. 
Gullon; J. Harte, Esq.; D. R. Irvine, Esq.; T. R. Mellor, Esq. ; 
R. Plant, Esq. ; L. Rhys, Esq.; 8. R. Smyth, Esq.; and Dr. E. H. W. 
Swete. 


The List of Donations to the Library was read. 


The following communications were read :— 


1. “On the Discovery of Ovzbos moschatus in the Forest-bed, and 
its Range in Space and Time.” By Prof. W. Boyd Dawkins, M.A., 
F.R.S., F.G.S. 


2. “On the Relative Age of some Valleys in Lincolnshire.” By 
A. J. Jukes-Browne, Esq., B.A., F.G.S. 


3. “On the Section at Hordwell Cliffs, from the top of the Lower 
Headon to the base of the Upper Bagshot Sands.” By the late E. 
B. Tawney, Esq., M.A., F.G.S., and H. Keeping, Esq., of the Wood- 
wardian Museum. Communicated by the Rev. Osmond Fisher, 


M.A., F.G.8. 


4, “On some New or imperfectly known Madreporaria from the 
Coral Rag ‘and Portland Oolite of the Counties of Wilts, Oxford, 
Cambridge, and York.” By R. F. Tomes, Esq., F.G.S. 


5. “The Geology of Monte Somma and Vesuvius, being a Study 
in Vuleanology.” By H. J. Johnston-Lavis, Esq., F.G.S. 
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6. “Note on ‘Cone-in-Cone’ Structure.” By John Young, Esq., 
F.G.S. 


[ Abstract. | 


This note was written with the object of calling the attention of 
the Geological Society to some very fine and remarkably interesting 
examples of ‘‘ Cone-in-Cone” structure. 

The author, after referring to the views of previous writers on 
the origin of this structure, proceeded to describe the interesting 
examples of it which occur in the coalfields of Ayrshire and Ren- 
frewshire. He pointed out that the structure is generally exhibited 
in bands overlying beds of fossils. 


7. “A Geological Sketch of Quidong, Manaro, Australia.” By 
Alfred Morris, Esq., C.E., F.G.S. 


| Abstract. | 


This district is situated about 250 miles 8.8.E. from Sydney. The 
cliffs about the Bombala river are about 100 to 120 feet high, and 
formed of very dark limestone, crowded with fossils, chiefly Penta- 
merus. In the author’s opinion there has been great disturbance in 
this region, resulting in a complete change in the course of the 
river Bombala and a displacement of the shale. A mass of ferru- 
ginous sandstone has also been upheaved. This, as well as the 
other rocks in the neighbourhood, contain Upper Silurian fossils. 
It appears to have been altered by heat. Pockets of galena and ~ 
copper are occasionally found in the district, and there is a vein of 
hematite. Clay-slates occur as well as the above rocks, the cleavage 
being generally vertical or nearly so. 


The following specimens were exhibited :— 


Specimen of the skull of Ovibos moschatus, exhibited by Prof. Boyd 
Dawkins, in illustration of his paper. . 

Rock-specimens, exhibited by H. J. Johnston-Lavis, Esq., in 
illustration of his paper. 

Specimens of ‘Cone-in-Cone” Structure, exhibited by John 
Young, Esq., in illustration of his paper. 
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Session 1882-83. 


I. ADDITIONS TO THE LIBRARY. 


1. PerropicaLs AND PUBLICATIONS OF LEARNED SOCIETIES. 


Presented by the respective Societies and Editors, if not otherwise 
stated. 


Academy, The. Nos. 529-556. 1882. 
——. Nos. 557-580. 1883. 


Adelaide. Royal Agricultural and Horticultural Society of South 
Australia. Proceedings for the year ending March 31, 1881. 
1881. 


—. ——. — 1882. 1882. 


——. Royal Society of South Australia. Transactions and 
Proceedings and Report. Vol. v. 1882. 

R. Tate. Notes on the Tertiary Strata beneath Adelaide, 40.—R. 
Tate. Diagnoses of new Species of Miocene Fossils from South Austra- 
lia, 44.—G. Scoular. The Geology of the Neighbourhood of Gawler, 57. 
—G. Scoular. Notes relating to the Geology between the Burra and 
Farina, 72.—R. Tate. Report on Minerals received from Mr. J. Chandler, 
97.—R. Tate. Plant-bearing Beds between Lake Frome and the Barrier 
Ranges, 98.—J. A. Niemann. Section of Strata traversed by Boring at 
Wurialpa Station, Frome Downs, about twelve miles south-east of Lake 
Frome, 99. 


Analyst, The. Vol. vu. Nos. 76-81. 1882. 
A. Hehner. New Analysis of the Sandrock (I. W.) Mineral Water, 
109. ; 


= Vol» vil. Nos,'82-87.. 1882: 


Annals and Magazine of Natural History. Ser. 5. Vol. x. Nos. 
55-60. 1882. Purchased. 

G. J. Hinde. Notes on Fossil Calcispongiz, with Descriptions of new 

Species, 185.—T. Rupert Jones. Notes on the Paleeozoic Bivalved En- 

tomostraca. No. XV. A Carboniferous Primitia from South Devon, 358. 
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Annals and Magazine of Natural History. Ser. 5. Vol. xi. Nos. 

61-66. 1883. Purchased. 

T. Fuchs. What is to be understood by the Term “ Deep-sea Fauna ” 
and by what Physical Conditions is its Occurrence governed ?, 1.—C. 
Brongniart. A new Fossil Orthopterous Insect from the Coal-measures 
of Commentry, Allier, 71—R. Etheridge, Jun., and P. H. Carpenter. 
Further Remarks on the Morphology of the Blastoidea, with Descriptions 
of a new British Carboniferous Genus and some new Devonian Species 
from Spain, 225.—R. Hausler. On the Jurassic Varieties of Thuram- 
mina papillata, Brady, 262.—R. Kidston. On the Affinities of the Genus 
Pothocites, Paterson, with the Description of a Specimen from Glen- 

cartholm, Eskdale, 297.—P. H. Carpenter. On the Supposed Absence of 
Basals in the Eugeniacrinidee and in certain other Neocrinoids, 327.— 
Mounier-Chalmas and Schlumberger. New Observations on the Dimor- 
phism of the Foraminifera, 336. 


Army Medical Department. Report for the year 1880. Vol. xxii. 
1882. 


Art-Union of London. Report of the Council for the year 1882. 
1882. 


Atheneum (Journal). Nos. 2852-2879. 1882. 
—. Nos. 2880-2903. 1883. 


= Parts p54—-6600. fes2: 
a) (Parts 661-665. 1883: 


Ballaarat School of Mines. Annual Report, 1882. 1883. 
F. M. Krause. Notes on the Geology of Lal Lal, 51. 


Barnsley. Midland Institute of Mining, Civil, and Mechanical 
Engineers. Transactions. Vol. vii. Parts 60-65. 1882 
& 1883. 


Barrow Naturalists’ Field Club. Transactions. Vol. 111. (1878-79). 
1879. Presented by W. Whitaker, Esq., F.GS. 
E. Richards. Silica, 51.—W. Kendall. Mineralogy at the Paris 
Exhibition, 94. 


Basel. Naturforschende Gesellschaft. Verhandlungen. 7 Theil, 
Hefti. 1882. 
L. Riitimeyer. Studien zu der Geschichte der Hirschfamilie, 3.—P. 
Merian. Ueber einige Petrefakten von Melbourne (Australia), 188.—P. 
Merian. Ueber die angeblichen australischen tertiiren Belemniten, 184. 


——. Schweizerische paliontologische Gesellschaft. Abhandlungen. 
Vol. ix. 1882. Purchased. 
A. Portis. Les Chéloniens de la molasse ee ane de Loriol. 
Etudes sur la faune du Gault de Cosne. 


Bath Natural-History and Antiquarian Field Cine Proceedings. 
Vol. v. No. 2. 1883. 
J. McMurtrie. Notes on Autumn Excursions on the Mendips, 98. 
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Belfast Natural-History and Philosophical Society. Proceedings for 
the Session 1881-82. 1882. 
J.J. Murphy. The Rainy or Post-Glacial Period, 54.—E. A. Letts. 
The Diamond, 58.—R. O. Cunningham. Corals and Coral Islands, 67. 


Belfast Naturalists’ Field Club. Annual Report and Proceedings. 
Ser: 2. Vol. 1. Part) 1. a) L832, 
F. W. Lockwood. Glacial Notes amongst the English Lakes, 62.—J. 
Wright. Sponge-remains from the Carboniferous Limestone of Ben Bul- 
ben, co. Sligo, Appendix, 189. 


—. ——. ——. Voli. Part 2. 1883. 


Berlin. Deutsche geologische Gesellschaft. Zeitschrift. Band xxxiv. 
Hefte 1-+. 1882. 

A. Halfar. Ueber ein grosses Conocardiwm aus dem Devon des Ober- 
harzes, 1.—E. Dathe. JBeitrage zur Kenntniss des Granulits, 12.—F. 
M. Stapff. Geologische Beobachtungen i im Tessinthal, 41, 54. —A. Heim. 
Der Bergsturz von Elm, 74.—A. Remelé. Ueber einige gekriummte 
untersilurische Cephalopoden, 116.—G. Schweinfurth. Zur Beleuchtung 
der Frage iiber den versteinerten Waid, 189.—F’. Sandberger. Ueber 
Bimsstein-Gesteine des Westerwaldes, 146.—R. Nasse. Bemerkungen 
iiber die Lagerungsverhaltnisse der metamorphischen Gesteie in Attika, 
151.—F. Notling. Ueber Lrtwites ituus, Montfort, 156.—F. Maurer, 
Ueber das Alter des Hercyn, 194.—H. Credner. Die Stegocephalen aus 
dem Rothliegenden des Plauen’schen Grundes bei Dresden, 213.—H. B. 
Geinitz. Kreischeria Wiedei, H. B. Gein., ein fossiler Pseudoscorpion aus 
der Steinkohlenformation von Zwickau, 3g sehréder: Ueber senone 
Kreidegeschiebe der Provinzen Ost- u. Westpreussen, 243.—C. Ochsenius. 
Geologisches und Montanistisches aus Utah, 288.—F. Klockmann. Bei- 
trag zur Kenntniss der granitischen Gesteine des Riesengebirges, 373.— 
Rosing. Die Erzgange von Innai,427.—A. Rothpletz. Nachtrag zu dem 
Aufsatz “Der Bergsturz von Elm,” 430.—E.Dathe. Variolite der Gabbro- 
eruppe in Schlesien, 432.—Schenk. Ueber fossile Holzer Aegyptens, 
434.—A. Heim. Ueber den Bergsturz von Elm, 435.—J. Felix. Ueber 
tertiare Laubholzer, 459.—A. Jentzsch. Ueber rothe Quarze in preussi- 
schen Gesteinen, 440,—Bélsche. Ueber das Diluvium bei Osnabriick, 442. 
—M. Neef. Ueber seltenere krystallinische Diluvialgeschiebe der Mark, 
461.—H. Credner. Ueber die Genesis der granitischen Gange des sachsi- 
schen Granulitgebirges, 500.—F. Karsch. Ueber ein neues Spinnenthier 
aus der schlesischen Steinkohle und die Arachniden der Steinkohlenfor- 
mation tiberhaupt, 556.—F. Wahnschaffe. Ueber einige glaciale Druck- 
erscheinungen im norddeutschen Diluvium, 562.--G. Bohm. Ueber die 
Beziehungen von Pachyrisma zu Megalodon, Diceras und Caprina, 602. 
—G. Bohm. Zur Kaitik der Gattung Preconia, 618—Hamm. Beob- 
achtungen im Diluvium der Umgegend yon Osnabriick, 629.—Berendt. 
Ueber das Diluvium von Osnabriick und Halle, 637.—O. Heer. Ueber 
Sigillaria Preuiana, Romer, 639.—C. W. Giimbel. Ueber die Bildung der 
Stylolithen und iiber F uleurite, 642.—T. Sterzel. Ueber die Fruchtahren 
von Annularia sphenophylloides, Zenker, sp., 685.—G. Giirich. Beitriige 
zur Kenntniss der niederschlesischen Thonschieferformation, 691. ile, 
Beck. Das Oligocin von Mittweida, mit besonderer Beriicksichtigung 
seiner Flora, 735.—G. Klemm. Mikroskopische Untersuchungen Tiber 
psammitische Gesteine, 771.—F’. Sandberger. Das Alter der Bimsstein- 
Gesteine des Westerwaldes und der Lahngegend, 806.—T. Liebe. Ueber 
diluviale Kisbedeckung in Mitteldeutschland, 812, 
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Berlin. Deutsche geologische Gesellschaft. Zeitschrift. Band xxxy. 
Heft 1. 1883. 

D. Brauns. Ueber japanische diluviale Saugethiere, 1—J. Felix. 
Untersuchung uber fossile Holzer, 59.—W. Dames. Hirsche und Mause 
von Pikermi in Attica, 92—W. R. Nessig. Die jiingeren Eruptiv- 
gesteine des mittleren Elba, 101.—A. Rothpletz. Zum Gebirgsbau der 
Alpen beiderseits des Rheines, 154.—T. Tschernyschow. Ueber einem 
im Gouvernement Saratow im Juli 1882 gefallenen Meteorit, 190.—F. 
Sandberger. Ueber Zirkon in geschichteten Felsarten, 193——H. Ku- 
nisch. Ueber den ausgewachsenen Zustand von Encrinus gracilis, Buch, 
195.—K. Picard. Ueber eine neue Crinoiden-Art aus dem Muschelkalk 
der Hainleite bei Sondershausen, 199.—T. Sterzel. Ueber Annularia 
sphenophylloides, Zenker sp., 203.—H. B. Geinitz. Ueber Krewscheria 
Wiredei, Annularia sphenophylioides, und ber Kreidepetrefacten von 
West-Borneo, 204.—A. Remelé. Ueber das Herkommen der Geschiebe 
von Macrouruskalk und iiber einige Bornholmer Geschiebe, 206.—A. von 
Konen. Ueber Clymenien bei Bicken, 208. 


——. Gesellschaft naturforschender Freunde. Sitzungsberichte. 
Jahrgang 1882. 1882. 

A. Nehring. Ueber den sogenannten Wolfszahn der Pferde im Hinblick 
auf den genealogischen Zusammenhang der fossilen und lebenden Equiden, 
31.—A. Nehring. Einige nachtrigliche Bemerkungen tiber den Wolfs- 
zahn der Kquiden, 47.—A. Nehring. Ueber Ulna und Fibula der Equiden, 
50.—A. Nehring. Vorlegung einiger fossiler Wildesel-Reste aus dem 
Diluvium von Westerregeln, 33.—W. Dames. Ueber das Vorkommen 
fossiler Hirsche in den Pliocinablagerungen von Pikermi in Attika, 71. 


——. Ko6niglich preussische Akademie der Wissenschaften. Sitz- 
ungsberichte, 1882. Nos. 18-54. 1882. 
H. Burmeister. Nothropus priscus, ein bisher unbekanntes fossiles 
Faulthier, 613.—J. Roth. Zur Kenntniss der Ponza-Inseln, 623.—W. 
Dames. Ueber den Bau des Kopfes von Archeopteryx, 817. 


; , esos sNOse dll. aes 

W. Dames. Ueber eine tertiiire Wirbelthierfauna von der westlichen 
Insel des Birket-el-Qurun im Fajum (Aegypten), 129.—E. Reusch. 
Ueber eine neue Spaltungsrichtung am Gypsspath, 259. 


——— 


——. Paleontologische Abhandlungen (W. Dames und E. Kayser). 
Bandi. Heft 1. 1882. Purchased. 
C. Struckmann. Neue Beitrage zur Kenntniss des oberen Jura und der 
Wealdenbildungen der Umgegend von Hannover, 1. 


Birmingham. Mason Science College. Calendar for the Session 
1882-1883. 1882. 


——. Midland Naturalist. Vol. v. No. 59. 1882. Presented by 
W. Whitaker, Esq., F.G.S. 


—. —. Vol.vi. No.63. 1883. Presentea oy W. Whitaker, 
Esq., F.GS. 


Bologna. Congrés Géologique International. Compte rendu de la 
2™° session. Bologne, 1881. 1882. Presented by Prof. J. 
Capellini. 

J. Szabo. Classification macrographique des Trachytes de la Hongrie, 
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211.—J. G. Bornemann. Sur la classification des formations stratifiées 
anciennes de |’Te de Sardaigne, 221.—G. Rolland. Sur le terrain crétacé 
et sur les grandes dunes de sable du Sahara septentrional, 233.—C. 8. 
Wilkinson. Mémoire sur la géologie de la nouvelle Galles du Sud, 236. 


Bologna. Reale Universita. Catalogo dei lavori pubblicati dai Pro- 
fessori, dai Dottori Collegiati e dagli assistenti, 1864-74. 
1875. Presented by Prof. G. Capellini. 


Bordeaux. Société Linnéenne. Actes. Vol. xxxv. 1881. 

P. Fischer. Cétacés du Sud-ouest de la France, 1 (Mémoires).—E. 
Benoist. La coupe des carriéres de Cenon, i. (Procés-Verbaux).—De- 
erange-Touzin. Les marnes 4 Cérites et Cyrénes de Saint-Céme, xil.— 
EK. Benoist. Une excursion géologique a Castillon-sur-Dordogne, xx.— 
EK. Benoist. Une excursion géologique 4 Montagoudin et Mongauzy 
(environs de la Réole), xxiii. Benoist. Le lambeau tertiaire de Saint- 
Palais prés Royan, xxvili.— E. Benoist. Excursion géologique a Bouzac, 
prés Guitres, xxxiiCabanne. [Essai chimique et au chalumeau du 
minéral signalé dans le falun de Salles par M. Degrange-Touzin, li. 


Boston. American Academy of Arts and Sciences. Proceedings. 
N.S. Vol. ix. (1881-82). 1882. 
W. 4H. Melville. Crystalline Form of Cryolite, 55. 


Boston Society of Natural History. Memoirs. Vol. iii. Nos. 4&5. 
1882. 
S. H. Scudder. Archipolypoda, a Subordinal Type of Spined Myria- 
pods from the Carboniferous Formation, 143. 


——. Proceedings. Vol. xxi. Parts2&3. 1882. 

M. EK. Wadsworth. The Appropriation of the name Laurentian by the 
Canadian Geologists, 121—C. C. Abbott. An Historical Sketch of the 
Discoveries of Paleolithic Implements in the Valley of the Delaware, 124. 
—H. W. Haynes. The Argillite Implements found in the Gravels of the 
Delaware River, at Trenton, N. J., compared with the Paleeolithic Imple- 
ments of Europe, 132.—G. F. Wright. An Attempt to estimate the Age 
of the Paleeolithic-bearing Gravels in Trenton, N. Y.,1387.—J. W. Dawson. 
Note on Spirorbis contained in an Ironstone Nodule from Mazou Creek, 
with Millipede, 157.—N. S. Shaler. On the Recent Advances and Re- 
cessions of Glaciers, 162.—M. E. Wadsworth. A Microscopie Study of 
the Cumberland Iron Ore of Rhode Island, 194.—W. W. Dodge. Notes 
on the Geology of Kastern Massachusetts, 197.—N. F. Merrill. Concern- 
ing the Lithological Collection of the Exploration of the 40th Parallel, 
254,—M. EK. Wadsworth. Some Points relating to the Geological Explo- 
ration of the 40th Parallel, 245.—M. E. Wadsworth. On the Relation of 
the Quincey Granite to the Primordial Argillite of Braintree, Massachu- 
setts, 274.—W. O. Crosby. On the Classification of the Textures and 
Structures of Rocks, 279.—M. E. Wadsworth. On the Trachyte of 
Marblehead Neck, Massachusetts, 288.—W. M. Davis. On the Classifi- 
cation of Lake Basins, 315. 


Bristol Museum and Library. Report of Proceedings at the Twelfth 
Annual Meeting, held 15th February, 1883. 


British Association for the Advancement of Science. Report of the 
Fifty-second Meeting, held at Southampton in August 1882, 
1883. 

J.D. Everett. Fifteenth Report of the Committee appointed for the pur- 
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pose of investigating the Rate of Increase of Underground Temperature 

downwards in various Localities of Dry Land and under Water, 72.—J. D. 

Hverett. Summary of Results contained in the First Fifteen Reports of the 

Underground Temperature Committee, 74.—Schuster. Report of the Com- 

mittee appointed for the purpose of investigating the practicability of collect- 

ing and identifying Meteoric Dust, and of considering the question of under- 
taking regular observations in various localities, 90.—J. Milne. Second Re- 

port of the Committee appointed for the purpose of investigating the Harth- 

quake Phenomena of Japan, 205.—C. E. De Rance. Eighth Report of 
the Committee appointed for the purpose of investigating the Circulation 

of the Underground Waters in the Permeable Formations of England, and 
the Quality and Quantity of the Water supplied to various Towns and Dis- 

tricts from these Formations, 213.—W. J. Sollas. Report of the Committee 
appointed for the purpose of investigating the Conditions under which ordi- 
nary Sedimentary Materials may be converted into Metamorphic Rocks, 

239.—R. J. Ussher. Report of the Committee appointed for the purpose 
of carrying out Explorations in Caves of Carboniferous Limestone in the 

South of Ireland, 240.—H. W. Crosskey. Tenth Report of the Committee 
appointed for the purpose of recording the Position, Height above the Sea, 
lithological Characters, Size, and Origin of the Erratic Blocks of England, 

Wales, and Ireland, reporting other matters of interest connected with the 
same, and taking measures for their Preservation, 243.—G. R. Vine. 
Third Report of the Committee appointed for the purpose of reporting on 
Fossil Polyzoa, 249.—W. Cash. Preliminary Report of the Committee 

on the Flora of the “ Halifax Hard Bed,” Lower Coal Measures, 267.— 

W. Whitaker. List of Works on the Geology and Paleontology of Ox- 

fordshire, of Berkshire, and of Buckinghamshire, 327.—P. de Tchihatchef. 

The Deserts of Africa and Asia, 356.—J. C. Hawkshaw. The Channel 

Tunnel, 404.—G. H. Darwin. A Numerical Estimate of the Rigidity of 
the Earth, 472.—E. Divers and Masachika Shimosé. On the Occurrence of 
Tellurium and Selenium in Japan, 487.—Von Baumhauer. On the Appli- 
cation of the Diamond to Mineralogical and Chemical Analysis, 489.—R. . 
Etheridge. Address to Section C, Geology, 502.—J. Prestwich. Notes 
relating to some of the Drift Phenomena of Hampshire, 529.—H. B. 
Woodward. Notes on the Bure-Valley Beds and the Westleton Beds, 
530.—V. Ball. On the Sources of the Salt Supply of India, 530.—C. EH. 
De Rance. On the Ivon and Lead Measures of Tynehead, 531.—W. 
Keeping. On the Geology of Cardigan Town, 531—W. Pengelly. On 
the Post-Miocene Deposits of the Bovey Basin, South Devon, 532.—E. 
Wethered. On the Origin of the Hematite Deposits in the Carboniferous 
Limestone, 553.—G. F. Whidborne and W. J. Sollas. On some Fossils 
of the Inferior Oolite, 534.—A. R. Hunt. Evidence of Wave-action at a 
depth of 40 fathoms in the English Channei, 535.—J. Thomson. Mention 
of an example of an Early Stage of Metamorphic Change in Old Red 
Sandstone Conglomerate near Aberfoil, 556.—J. Thomson. On Features 
in Glacial Markings noticed on Sandstone Conglomerates at Skelmorlie 
and Aberfoil, 537.—J. Prestwich. On the Equivalents in England of the 
‘Sables de Bracheux,” and on the Southern Limits ofthe Thanet Sands, 
538.—J.8. Gardner. Suggestions for a Revised Classification of British 
Eocenes, 539.—J. W. Elwes. On the Classification of Oligocene Strata 
in the Hampshire Basin, 539.—EH. B. Tawney. On the Outcrop of the 
Brockenhurst Bed, near Lyndhurst, 540.—C. Ricketts. On Subsidence as 
the Effect of Accumulation, 540.—J. S. Gardner. On the Cause of Hle- 
vation and Subsidence of Land, 541.—W. B. Dawkins. On the Geology 
of the Channel Tunnel, 542.—C. E. De Rance. On the proposed Channel 
Tunnels in their Geological Aspects, 544.—W. Topley. On the Synclinal 
Structure of the Straits of Dover, 546.—T. W. Shore and E. Westlake. 
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On the Southampton ‘Artesian Well, 547.—W.J.Sollas. On the Forma- 
tion of Flints, 549.—E. Hill. Problems in the Geology of the Channel 
Islands, 550. diay a Irving. Notes on Alpine Post-Carboniferous (Dyassic) 
and Triassic Geology, 551—R. B. White. Notes on the Geology and 
Mining of the United States of Colombia, S.A., 552.—W. B. Dawkins. 
Address to Section D, Department Anthropology, on the Present Phase 
of the Antiquity of Man, 597.—W.S8S. Duncan. Evidence as to the Scene 
of Man’s Evolution, and ‘the prospects of proving the same by Palzonto- 
logical Discovery, 605. —Joseph Thomson. On ‘the Geographical Evolu- 
tion of the Tanganyika Basin, 622.—V. Ball. On the ‘Identification of 
certain Ancient Diamond Mines in India, 625. 


Brunswick. Verein fiir Naturwissenschaft. Jahresbericht, 1879- 
80. 1880. 

A. Nehring. Ueber den Loss, seine Fauna und das Problem 
seiner Entstehung, 11.—T. Noack. Untersuchungen im Elm, 20.—T. 
Noack. Ueber Lang’s Untersuchung erratischer Blocke vom Elm, 37.— 
A. Nehring. Das Vorkommen von fossilen Auerhtihnern, Birkhiihnern 
und Schneehiihnern im Diluvium Deutschlands, 42.—J. Ottmer. — 
Gletschertépfe und “Geologische Orgeln,” 55.— A. Nehring. Ueber 
glaciale Thierreste von der Hohen Tatra, 50.—J. Ottmer. Eine neue 
fossile Chara-Art (Chara Gebhardt, nu. sp.), 71.—R. Blasius. Men- 
schenfussahnliche Sandsteinbildung, 75.—T. Noack. Neue Entdeck- 
ungen auf palaontologischem Gebiet, welche sich auf die Descendenz- 
theorie beziehen, 76.—T. Noack. Die neuere Glacialtheorie, 90. 


——, 1880-81. 1881. 

A. Nehring, Paliontologische und prahistorische Funde im Elm und bei 
Braunschweig, 15.—H. Grotrian. Kupferregion am Lake Superior, 26.— 
H. Grotrian. ’ Asphalt von Sicilien, 27.—A. Nehring. Birenreste von 
O.-Ruzsin, 34.—J. Ottmer. Erdbeben von Aoram, | 54.—H. Grotrian. 
Petrefaktenkunde im achtzehnten J ahrhundert, 64.—J. v. Wagner. 
Kommission fir Grundwasser-Beobachtungen, 80. 


——-.. 


Brussels. Musée Royal d'Histoire Naturelle de Belgique. Annales. 
Tome in. 1878 & 1881. (Text and Atlas.) 
P. H. Nyst. Conchyliogie des Terrains Tertiaires de Belgique. 
Part I. - 


a er eiddukigae 


——. Tomeiv. 1880. Purchased. (Text and 


Atlas.) 
P. J. Van Beneden. Description des Ossements fossiles des environs 
d’Anvers, 2° partie. 


; Tome vil. 1882. (Text and Atlas.) 
P. J. Van Beneden. Description des Ossements fossiles des environs 
d’Anvers, 3° partie. 


eee ear cnasen. 


. Tome viii. 1883. Fauno du Caleaire Car- 
bonifére de la Belgique, 4° partie, Gastéropodes, par L. G. de 
Koninek. (Text and Atlas.) 
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Brussels. Musée Royal d’Histoire Naturelle de Belgique. Annales. 
Tome x. Les Arachnides de Belgique, par L. Becker. Partie I. 
(Text and Atlas.) 1883. 


Bullet. ‘Vol. 7..(1882)." Nes; 13) Weeze 

A. Renard. Les roches granatiféres et amphiboliques de la région de 
Bastogne, 1.—L. Dollo. Note sur l'ostéologie des Mosasauride, 55.—A. 
Dubois. De la variabilité des oiseaux du genre Loxia, 81.—E. Dupont. 
Terrain devonien de 1’Entre-Sambre-et-Meuse: Les iles coralliennes de 
Roly et de Philippeville, 89.—L. Dollo. Premiére note sur les Dinosau- 
riens de Bernissart, 161.—E. Ludwig et A. Renard. Analyses de la vésu- 
vienne d’Ala et de Monzoni, 181.—A. Rutot. Lesalluvions modernes dans 
la moyenne Belgique, 185.—L. Dollo. Deuxiéme note sur les Dino- 
sauriens de Bernissart, 205.—A. Renard. Recherches sur la composition 
et la structure des phyllades ardennais, 215. 


: Tome 11. (1883). No. 1. 1883, 

L. Dollo. Note sur la présence chez les oiseaux du “ troisiéme tro- 
chanter ” des Dinosauriens et sur la fonction de celui-ci, 13.—A. Rutot. 
Les phénoménes de la sédimentation marine étudiés dans leurs rapports 
avec la stratigraphie régionale, 41. 


——. Soci¢té Royale Malacologique de Belgique. Annales. 
Tome xiv. 1879. 

A. Rutot, Etude sur la constitution géologique du Mont de la Musique, 
Renaix, 7.—P. Cogels et E. Van den Broeck. Observations géologiques 
faites 4 Anvers a l’occasion des travaux de creusement des nouvelles cales 
séches et de prolongement du bassin du Katzendyk, 29.—A. Rutot. Note 
sur des fossiles du Tongrien inférieur, viii—G. Vincent et A. Rutot. 
Observations nouvelles relatives 4 la faune du systéme Bruxellien et a 
celle de l’ancien Laekenien supérieur, actuellement systtme Wemmelien, 
xii. Van den Broeck et P. Cogels. Diluvium et Campinien; Réponse a 
M. le Dr. Winkler, xviii—A. Rutot. Sur une coupe remarquable de ter- 
rains actuellement visibles 4 Saint-Gilles, prés de Bruxelles, xliv.—E. Van 
den Broeck. Compte-rendu de l’excursion faite 4 Anvers les 27 et 28 
Juillet 1879, par la Société Malacologique de Belgique, Iviii. 


: : Tomé xvi. 188. 

G. Vincent. Description de deux peignes nouveaux du systéme Lae- 
kenien, 7.—E. Delvaux. Compte rendu de l’excursion de la Société Royale 
Malacologique de Belgique a Boorn, 62.—A. Rutot. Compte rendu d’une 
course dans le quaternaire de la vallée de la Somme, aux environs d’Abbe- 
ville, ix.—A. Rutot. Note sur les découvertes paléontologiques faites 
dans ces derniers temps aux environs d’ Erquelinnes, xix.—T. Lefévre. La 
Rostellaria ampla, Sol., et ses variétés, xxv.—P. Cogels. Contribution 4 
Vétude paléontologique et géologique de la Campine, liv.—E. Van den 
Broeck. Exposé sommaire des observations et découvertes stratigra- 
phiques et paléontologiques faites dans les dépéts marins et fluvio-marins | 
du Limbourg pendant les années 1880-1881, exxv.—P. Cogels. [Les ter- 
rains tertiaires de la France occidentale, | cl-—J. D. Stevens. Liste de 
fossiles des environs de Bruxelles, clvi.—HK. Delvaux. Note succincte sur 
Vexcursion de la Société Géologique de Belgique en Septembre 1881, clx. 
—P. Cogels et O. van Ertborn. Réponse au travail de M. E. Van den 
Broeck, publié dans le procés-verbal de la séance du 3 Septembre 1881, 
clxxix.—R. Hausler. Note sur une zone 4 Globigérines dans les terrains 
jurassiques de la Suisse, clxxxviil. 
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Brussels. Société Royale Malacologique de Belgique. Procés- 
verbal, pp. xli-cliv. 1882. 

P. Cogels et O. van Ertborn. Contribution a l'étude des terrains ter- 
tiaires de la Belgique, xlii—P. Cogels et O. van Ertborn. Sur les re- 
cherches de M. E. Van den Broeck dans le Limbourg, lvii—E. Van den 
Broeck. Réponse, lxxviii—F. Van den Broeck. Note sur les levés géo- 
logiques de MM. van Ertborn et Cogels, Ixxviii—H. Van den Broeck. 
Diestien, Casterlien et Scaldisien: Note sur les dépéts lagunaires plio- 
cénes de Heyst-op-den-berg et sur leur synchronisme dans la région 
d’Anvers, cx.—H. Vandendaele. Sur la découverte de fossiles Wemme- 
liens dans les grés ferrugineux de Saint-Sauveur, cxxiii.—G. Velge. Ton- 
erien et Wemmelien, cxxiv.—H. Delvaux. Note sur quelques niveaux 
fossiliféres appartenant aux systémes Ypresien et Paniselien, exxviii. 


Budapest. Kon. Ungarische geologische Anstalt. Mittheilungen - 
aus dem Jahrbuche. Band vi. Hefte 2-4. 1882. 
M. Staub. Mediterrane Pflanzen aus den Baranyaer Komitate, 25.— 
M. Hantken. Das Erdbeben von Agram im Jahre 1880, 47.—T. Pose- 
witz. Unsere geologische Kenntnisse von Borneo, 135, 


—. ——. Foldtani Kozlony (1885). Kotet 13, Fiizet 1-3. 
1883. 

J. Szabé. Peters Karoly Emlékezete, 3—A. Magyar Kir. Foéldtani 
Intézet évi jelentése, 1872-r6l, 9.—S. Kalecsinszky. A gdlniczbényai 
chalkopyrit mennyisegi elemzése, 55.—M. Staub. A fosszil Confervitak- 
rol, 71.—H. Szterenyi. Krass6-szorenymegyei eruptiv-kozetekrol, 72.—J. 
Szabo. Amerika els6 Nummulitjeirol, 73.—-B. Inkey. A nagyagi 
elauch-képzodményekrol, 74.—J. Bernath. A Kelenfolden (Buda hata- 
raban) eszk6zolt uj foldfurasokrol, 75.—J. Szabo. The first Mining Expo- 
sition in the U.S. of America at Denver, Colorado, 81.—Jahresbericht 
der k6n. ungarischen geologischen Anstalt fiir 1882, 88.—M. Staub. 
Ueber die fossilen Conferviten, 141.—A. Kalecsinszky. Analyse eines 
Chalkopyrites von Gollnitz, 141.—H. Szterenyi. Ueber eruptive Gesteine 
aus dem Krassd-Szorényer Comitat, 142.—J. Szab6. Ueber die ersten 
Nummuliten Amerikas, 143.—B. vy. Inkey, Ueber Glauchbildungen zu 
Nagyag, 145. 

Buenos Aires. Sociedad Cientifica Argentina. Anales. Tomo xiii. 
Entrega & 6. 1882. 


E. Aguirre. Pozos artesianos en la provincia de Buenos Aires, 224,— 
M. Puiggari. Agua mineral en Barracas Iodo-ferrosa, 238. 


: : Tomo xiv. Entrega 1-6. 1882. 

F, P. Moreno. Patagonia, Resto de un antiguo continente hoy sumer- 
jido, 97.—F. P. Moreno. El origen del hombre Sud-Americano, Razas y 
civilizaciones de este continente, 182. 


52) te ey . Tomo xv. Entrega 1-3. 1883. 
L. Brackebuch. Estudio sobre la formacion petrolifera de J ujuy, 19,— 
M. Puiggari. Aqua del pozo artesiano semi-surgente de la Plata, 119. 


Buffalo Society of Natural Sciences, Bulletin. Vol. iv. No. 3. 
1883. 


Caen. Société Linnéenne de Normandie. Bulletin. Ser. 3. Vol. v. 
1880-81. : 
J. Moriére. Deux genres de crinoides de la Grande Oolithe, 78.—T. 
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Davidson. Note sur les brachiopodes trouvés par M. Moriére, dans le 
grés armoricain de Bagnoles (Orne), 89.—J. Moriére. Note sur les 
équisétacées du grés liasique de Sainte-Honorine-la-Guillaume (Orne), 
108.—Pincon. Etude géologique des collines du Lieuvin sur les com- 
munes d’Echauffour, Champ-haut, Orgéres et Cisai-St.-Aubin (Orne), 277. 
—J. Moriére. Fossiles du grés armoricain de Bagnoles (Orne), 293.— 
Carabeeuf. Note sur les Aptychus et sur une Ammonite operculée de 
V’Oolithe inférieure de Sully, 297.—Diavet. Excursion 4 Echaffour et a 
Champ-haut, 802.—Pingon. Description géologique du bassin supérieur 
de la Risle, 324.—Lecornu. Sur les gisements métalliféres de la Basse- 
Normandie, 860.—Diavet. Coup d’ceil général sur la géologie, 368. 


Calcutta. Asiatic Society of Bengal. Journal. N.S. Vol. 1 
Part 1. Extra number. 1882. 


—, a, ~~ ——. Vol. li. Part 1. Nos. 2-4. 1882. 

—. $s —. —. —~. ——. Part 2. Nos. 1-4. 1882 
& 1883. 

—. «——. —. ——. Vol. lii. Part 1. No.1. 1888. 

——. ——. Proceedings. Nos. 3-10. 1882. 


No. a, “188s. 


Cambridge, Mass. American Academy of Arts and Sciences. Me- 
mong: ,JN.6:,| Vol,-x.. Pari:2. 1882: 
H. W. Haynes. Discovery of Palzeolithic Flint Implements in Upper 
Egypt, 357. 


Se ee Voll Part ol alse 


——. Museum of Comparative Zoology at Harvard College. An- | 
nual Report for 1881-82. 1882. 


; . Bulletin. Whole Series, Vol. vii. (Geological Series, 
Vola). Nowe. ede. 


L. Lesquereux. On some Specimens of Permian Fossil Plants from 
Colorado, 248. 


ee ny ee age ic toa lL bo ey ee ma iorsen 
Memoirs. Vol.vu. No. 2. Part 3. 1882. 


sn). Whitney. The Climatic Changes of Later Geological Times, 
265. 


—. ——. ——. Vol.ix. No.1. 1882. 
Cambridge Philosophical Society. Proceedings. Vol. iv. Parts 2-5. 
1881-83. 


Liveing. On the Rocks of the Channel Islands, No. 2, 122.—E. B. 
Tawney. On the Upper Bagshot Sands of Hordwell Cliffs, Hampshire, 
140.—E. Hill. On the Effect of Fluctuations in a Variable upon the mean 
value of Functions of that Variable: with an application to the theory of 
Glacial -Epochs, 188.—W. J. Lewis. On a Crystal of Stephanite from 
Wheal Newton, 240. 
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Cambridge Philosophical Society. Transactions. Vol. xii. Part 2. 
1882. 


Cape Town (Cambridge). South-African Philosophical Society. 
Transactions. Vol.ii. Parts 1 & 2 (1879-80). 1881. 


Carlisle. Cumberland Association for the Advancement of Lite- 
rature and Science. Part 7 (1881-82). 1882. Presented by 
J. G. Goodchild, Esq. , 

W. Whitaker. A List of Works relating to the Geology of Cumber- 
land and Westmorland, 13.—J. D. Kendall. The Glacial Deposits of 
West Cumberland, 61.—T. V. Holmes. On the Distinctive Colours of 
the Carboniferous and Permian or Triassic (Poililitic) Rocks of North 
Cumberland, 79.—J. G. Goodchild. Contributions towards a List of the 
Minerals occurring in Cumberland and Westmorland, 101, 178.—J. G. 
Goodchild. On the Geological Evidence of the former Existence of Coal- 
measures over Edenside, 163. 


Cassel. Paleontographica. Band xxix. Lief. 1-4. 1882-83. Pur- 
chased. : 

H. B. Geinitz und J. V. Deichmiiller. Die Saurier der unteren Dyas 
im Dresdener Museum, 1.—K. A. Zittel. Ueber Flugsaurier aus dem 
lithographischen Schiefer Bayerns, 47.—H. Pratz. Ueber die verwand- 
schaftlichen Beziehungen einiger Korallengattungen mit hauptsachlicher 
Berticksichtigung ihrer Septalstructur, 81.—M. Canavari. Beitrage zur 
Fauna des unteren Lias von Spezia, 125.—F. Romer. Die Knochenhéhlen 
yon Ojcow in Polen, 193. 


; . Supplement 3. Lief. 10 & 11. 1882. Purchased. 
R. D. M. Verbeek, O. Bottgeer und K. von Fritsch. Die Tertiirforma- 
tion von Sumatra und ihre Thierreste, 2 Theil, 1. 


Catania. Accademia Gioenia di Scienze Naturali. Atti. Serie 3. 
Tomo xvi. 1882. | 

L. Ricciardi. Ricerche chimiche su’ depositi de’ tufi vulcanici nell 
provincia di Salerno, 107.—L. Ricciardi. Ricerche sulla composizione 
chimica di alcune marne argillifere di Ogliara in provincia di Salerno, 115. 
—L. Ricciardi. Ricerche chimiche sopra una lignite e alcuni scisti 
bituminiferi di Giffoni Valle e Piana in provincia di Salerno, 123.—G. 
Basile. Sulla presenza del quarzo con inclusioni di magnetite in una 
trachite dell’ Etna, 155.—L. Ricciardi. Ricerche chimiche sulle rocce 
calcaree della provincia di Salerno, 167.—L. Ricciardi. Sulla composi- 
zione chimica delle pomici vesuviani raccolte sul monte Sant’ Angelo, 
184.—O. Silvestre. Ricerche chimiche sulla composizione dell’ acqua 
minerale acidulo-alcalino-magnesiaco-ferruginosa dette del fonte maimo- 
nide e volgarmente la grassa delle sorgenti idrogassose di Paterno alla 
base S. O. dell’ Etna, 189. 


Chemical News. Vol. xlv. Nos. 1178 & 1179. 1882. 


-——. Vol. xlvi. Nos. 1180-1205. 1882. 

W. A. Ross. On the Cause of the Blue Colour of Sapphire, Lazulite, 
and Lapis Lazuli, the Green of Emerald, and the Purple of Amethyst, 
33.—J. C. Thresh. The new Analysis of the Buxton Thermal Water, 
201.—B. E. Sloan. Analysis of Helvite from near Amelia Court House, 
Virginia, 195.—W. H. Seamon. Analysis of Garnet from the same 
locality (near Amelia C. H., Va.), 195.—R. N. Musgrave. Analysis of 
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beautifully crystallized Albine from the same locality (near Amelia C. H., 
Va.), 204.—W. H. Seamon., Examination of a supposed Metallic Me- 
teorite found in Augusta co., Virginia, 204.—W. T. Page. On Metallic 
Iron accompanying Native Gold in Montgomery co., Virginia, 205.—W. 
T. Page. Examination of similar Grains of Metallic Iron accompanying 
Native Gold in Burke co., North Carolina, 205.—W. H. Seamon. Ana- 
lysis of a Niobate, which has been improperly called Euxenite, from the 
Wisemann Mica Mine, Mitchell co., North Carolina, 205.—W. H. Sea- 
mon. Analysis of a Mineral allied to Orthite, from the same locality as 
the last, 215.—W. T. Page. Examination of a new Sulphide received as 
Fahlerz, from the “‘ Great Eastern Mine,” Park co., Colorado, 215.—F. 
A. Massie. Analysis of Colourless Mimetite from the ‘ Richmond” 
Mine, Eureka, Nevada, 215——-W. H. Seamon. Examination of Gold, 
Silver, &c., Alloys, found in Grains alone with the Native Platinum of 
Colombia, South America, 215.—W. H. Seamon. Analysis of Native 
Palladium-Gold from Taguaril, near Subara, Province of Minas Geraes, 
Brazil, 216—C. L. Allen. On the Composition of two Specimens of 
Jade, 216—W. A. Ross. Pyrological Notes, 179, 200, 223, 248, 278, 
283. 


Chemical News. Vol. xlvii. Nos. 1206-1229. 1883. 

W. A. Ross. Pyrological Notes, 4, 28, 78, 147, 186.—R. Haines. 
Analysis of Helvite from Virginia, 6.—A. B. Griffiths. Contributions to 
Mineral Chemistry, 169.—W. Wallace. On the Decay of Building Stones, 
228. 


Chemical Society. Journal. Nos. 236-241. 1882. 


——. ——. Supplementary number, 1882. 


. ——. Nos. 242-247. 1883. 
W. Flight. Two new Aluminous Mineral Species, Evigtokite and 
Liskeardite, 140. 


Colliery Guardian. Vol. xliii. Nos. 1121 & 1122. 1882. 


——. Vol. xliv. Nos. 1123-1148. 1882. 

E. Wethered. The Forest of Dean Coalfield, 181, 211.—J. D. Kendall. 
On the Hematite Deposits of Furness, 213.—E. Wethered. On the 
Origin of the Hematite Deposits in the Carboniferous Limestone, 354.— 
The Coalfields of Nagasaki, 347.—The Coalfields of Asia Minor, 453.— 
E. W. Binney and J. W. Kirkby. On the Upper Beds of the Fifeshire 
Coal-measures, 463.—The Coalfields of Natal, 611.—F. N. Newcome. 
The Mineral Wealth of Burma, 655.—Coal in Mexico, 668.—Our Coal- 
fields, 669.—Coal in Hungary, 691.—C. E. De Rance. The Occurrence 
of Manganese and Heematite in the Old Red Sandstone of Denbighshire, 
895.—Important Discovery of Coal at Dungannon, co. Tyrone, 931.—The 
Iron Ore Fields of Lapland, 973. 


——. Vol. xlv. Nos. 1149-1172. 1883. 

G. A. Lebour. Geology applied to Mining and Quarrying, 55.—F. N. 
Newcome. The Coalfields of Japan, 171.—Coalfields of New Zealand, 
415.—Coal and Iron in Turkey, 892. 


Copenhagen. Kongelige Danske Videnskabernes Selskab. Natur- 
videnskabelige og Mathematiske Afhandlinger. Rekke 6. 
Bind i. Nos. 6-8. 1882. 
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Copenhagen. Kongelige Danske Videnskabernes Selskab. Natur- 
videnskabelige og Mathematiske Afhandlinger. Reekke 6. 
Hind us Now td.) 1882: . 


——. ——. Oversigt, 1882, Nos. 2&3. 1882 & 1883. 
——, —-——. ——, 1883, No.1... 1883. 


Cracow. Akademija umicjetnosci w Krakowie. Sprawozdanie. 
Tom. xvi. 1882. 
K. Olszewskiego. Rozbiér chemiczny w6d mineralnych z 16 zdrojow 
dotad nie badanych znajdujacych sie w Krynicy, Jaslrzebiku, &c. Czesc 
Mea: 


Davenport, lowa. Davenport Academy of Natural Sciences. Pro- 
ceedings. Vol. ni. Nos. 1&2. 1879 & 1882. 

W. H. Pratt. Geological Section of the Bluff at Hast Davenport, 106. 
—W.H. Pratt. Section of the Bluff at Sixth Street, Davenport, 127.— 
T. M‘Whorter. Beds of Carboniferous Drift in the Bluffs of Kast Daven- 
port, 129.—W.H. Barris. Notes on our Local Geology, 163.—J. Gass and 
W. H. Pratt. Bones of the Mammoth in Washington County, Iowa, 
177.-_W. H. Pratt. An Artesian Well at Moline, 181. 


Dijon. Académie des Sciences, Arts et Belles-lettres. Série 3. 
Tome viil., 1881-82. 1882. | 


Dorpat. Naturforscher-Gesellschaft. Archiv fiir die Naturkunde 
Liv-, Ehst- und Kurlands. Ser. 1. Band ix. Lief. 1 & 2. 
1882. 

C. Grewingk. Geologie und Archaologie des Mergellagers von Kunda 
in Estland, 1—G. Schilling. Ueber den am 28 Juni 1872 beim Dorfe 
Tennasilm in Estland gefallenen Steinmeteoriten, 95.—A. Eberhard. Der 
Meteorit von Sewrjukowo im Gouv. Kursk, gefallen am 12 May 1874, 
115.—C. Grewingk. Ueber ein nickelhaltiges Stiick Eisen von Sanarka 
am Ural, 141.—C. Grewingk. Verzeichniss der Meteoriten-Sammlung 
der Universitat Dorpat im December 1882, nebst Bemerkungen, 153. 


: Sitzungsberichte. Band vi. Heft 2, 1882. 1883. 
N. Charin. -Zur Geologie des Gouv. Jekaterinoslaw, 234.—C. Gre- 
winek. Mittheil. iber Siemiradzki’s Reise nach Stidamerika, 436. 


Dresden. Naturwissenschaftliche Gesellschaft Isis. Sitzungs- 
berichte und Abhandlungen, 1882. 1882-83. 

H. B. Geinitz und J. V. Deichmiiller. Ueber die fossilen Saurier in 
dem Kalke des Rothliegenden von Niederhasslich im Plauenschen Grunde 
bei Dresden, 7.—H. Funcke. Ueber den Erdbrand von Planitz bei 
Zwickau, 10.—A. Dittmarsch. Ueber Salmiak-Krystalle vom Schader- 
Hermannschacht bei Zwickau, 13.—O. Richter. Ueber den Ursprung 
des Wortes Planer, 15.—H. B. Geinitz. Ueber Versuche nach Kohlen im 
Quadergebirge Sachsens, 68.—J. V. Deichmiiller. Ueber “Die Stego- 
cephalen aus dem Rothliegenden des Plauenschen Grundes bei Dresden,” 
ILf. Theil, von H. Credner, 71.—A. Purgold. Ueber die Meteoriten im 
Allgemeinen und die des hiesigen k. mineral. Museums, 72.—J. V. Deich- 
miiller. Ueber “Section Leipzig, Brandis und Meerane der geologische 
Karte von Sachsen,” 76.—H. Engelhardt. Ueber die geologische Be- 
schaffenheit der Umgegend von Waltsch in Bohmen, 80, 
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Abhandlungen. 


A. Purgold. Die Diamanten des kénigl. mineralogischen Museums zu 
Dresden, 3.—H. B. Geinitz. Zur Erinnerung an Eduard Desor, 27—H. 
B. Geinitz. Ein fossiler Pseudoscorpion aus der Steinkohlenformation 
von Zwickau, 31—J. V. Deichmiiller. Ueber einige Blattiden aus den 
Brandschiefern der unteren Dyas von Weissig bei Pillnitz, 338.— A. 
Purgold. Die Meteoriten des kéniglichen mineralogischen Museums 
in Dresden, 53.—H. Engelhardt. Einiges tiber die Rhon und die Rhoner, 
65.—E. Geinitz. Die geologische Beschaffenheit der Umgebung von 
Stolpen in Sachsen, 91. 


Dublin. Royal Dublin Society. Scientific Proceedings. N.S. 
Vol. m1. Part 5 (1882). 1882. 

J. E. Reynolds. On anew Analysis of the Lucan Sulphur Spa, 258.— 
G. A. Kinahan. On the Mode of Occurrence and Winning of Gold in 
Treland, 263.—V. Ball. Catalogue of the Examples of Meteoric Falls in 
the Museums of Dublin, 298. 


——. ——. Scientific Transactions. Ser. 2. Vol. i. Nos. 15- 
19.) 1882. 

E. Hull. On the Laurentian Rocks of Donegal and other Parts of 
Ireland, 243.—E. Hull. Paleeo-Geological and Geographical Maps of 
the British Islands and the adjoiming Parts of the Continent of Europe, 
257. 


—. ——. —. ——. Voli. No. 2. 1882. 


——. Royal Irish Academy. Proceedings. Polite Literature and 
Antiquities. Ser. 2. Vol. nu. No.3. 1881. 

R. J. Ussher, A. Leith Adams, and G. H. Kinahan. Abstract of Re- 
port of the Exploration of Ballynamintra Cave, Cappagh, near Dungarvan, 
73.—W. J. Knowles. Pre-historic Implements found in the Sandhills of — 
Dundrum, co. Down, 105. 


——_ 


: . NSerence. Ser. 2. Vol. ii. No. 7.. gone 

G. H. Kinahan and W. H. Baily. Report on the Rocks of the Fin- 
tona and Curlew Mountain Districts, 475.—J. P. O’Reilly. On a Rela- 
tion to be established between Coast-line Directions represented by Great 
Circles on the Globe and certain Localities in Europe marked by fre- 
quency of EKarthquakes, 508.—A. H. Church. On the Constitution of the 
Native Phosphates of Aluminium, 55]. 


——. ——. Transactions. Vol. xxviii. Science. Parts 6-10. 
1881-82. 
S. Haughton. New Researches on Sun-heat and Terrestrial Radiation, 
and on Geological Climates, 47. 


East-India Association. Journal. Vol. xiv. Nos. 3-5. 1882. 


—. —. Vol. xv. No.1. 1883. 
Edinburgh. Geological Society. Transactions. Vol. iv. Part 2. 
1882. 


D. Milne-Holme. Inaugural Address, 119.—J. Fraser. First Notice 
of a Post-Tertiary Shell-bed, at Clava, in Nairnshire, indicating an Arctie 
Climate, and a Sea-bed at a height of 500 ft., 186.—T. D. Wallace. Shells 
in Glacial Clay at Fort-George, Inverness-shire, 143.—W. Ferguson. 
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Notes on a Sand-covered District on the Kast Coast of Aberdeenshire, 
145.—G. H. Kinahan. The Irish or Western Portion of Dr. A. Geikie’s 
“Lake-Caledonia Basin” of the Lower Old Red Sandstone, 152.—D. 
Cameron. The Glaciers of Lower Strathnairn, 160.—R. Romanis. Ana- 
lysis of Laterite from Huranbee, Pegu, 164.—W. Ivison Macadam. Ana- 
lyses of Coals from New Zealand and Labuan, 165.—J. C. Crawford. 
Remarks upon the Geological Formation of New Zealand, 167.—W. R. 
M‘Diarmid. Second additional Note on the North-east Coast of Norfolk, 
171.—D. Cameron. The Glacial Phenomena of Athole, 174.—W. J. 
Macadam. Note, with Analysis of a new Mineral from Cathkin Quarry, 
Glasgow, 178.—R. Richardson. On the Discovery of Arctic Shells at 
High Levels in Scotland, 179.—W. H. Bell. Notes on the Geology of 
Deeside, near Ballater, 201.—W. J. Macadam. On the Analysis of a 
Sample of a White Deposit from the Peat of Aberdeenshire, 207.— 
_ J. Henderson. On some Marine Beds underlying the Gilmerton Lime- 
stone, 217.—T. Stock. Note on the Occurrence of the Remains of Deca- 
pod Crustaceans in the Wardie Shales, 219.—H. M. Cadell. The Surface 
Geology of the Estuary of the Forth. 220.—H. M. Cadell. Notes on the 
Glaciation of Norway and Scotland, 227.—W. J. Macadam. Further 
Notice of the Tigh-na-criche Shell-bed, Loch Fynne, Argyllshire, 232.— 
A. Somervail. On the Origin and Age of Quartz-Veins in the Strata in 
the Neighbourhood of Falmouth, 233.—J. Henderson. Excursion to the 
Silurian Rocks of the Pentland Hills, 237._J. R.S. Hunter. Excursion 
to Carluke, 238. 


Edinburgh. Royal Physical Society. Proceedings. Session 1881-82. 
1882. 

R. Etheridge, jun. The Palzozoic Conchology of Scotland, 1.—B. N. 
Peach. On some Fossil Myriapods from the Lower Old Red Sandstone 
of Forfarshire, 177.—J. Gibson. An Addition to the Fish Fauna of the 
Oil Shales of Edinburghshire, 190. 


Essex (Buckhurst Hill). Epping-Forest and County-of-Essex Natu- 
ralists’ Field Club. ‘Transactions. Vol. 1. Part 6. 1882: 


Exeter. Teign Naturalists’ Field Club. Report of the Proceedings 
for the year 1882. 1883. 


Geological Magazine. - Dec. II. Vol. ix. Nos. 7-12. 1882. 

Sir Andrew C. Ramsay, LL.D., F.R.S., 289.—Baron F. Richthofen. 
On the Mode of Origin of the Loess, 293.—H. H. Howorth. Traces 
of a Great Post-Glacial Flood, 305, 416, 433, 509, 553.—W. Flight. 
Supplement to a Chapter’in the History of Meteorites, 311, 356, 
424, 446, 505.—A. Irving. On the Classification of the Permian and 
Trias, 316.— W. H. Twelvetrees. On some Reptilian Teeth from 
the Upper Permian Cupriferous Sandstones of Kargalinsk near Oren- 
burg, Russia, 337.—S. V. Wood. On the Origin of the Loess, 339,— 
H. Hl. Howorth. The Loess, a Rejoinder, 343.— R. D. Roberts. 
On some Points in Anglesey Geology, 362.—H. Woodward. On a Series 
of Phyllopod Crustacean Shields from the Upper. Devonian of the Eifel, 
and on one from the Wenlock Shale of S. Wales, 385.—W. H. Hudle- 
ston. First Impressions of Assynt, 390.—T. F. Jamieson. On the Cause 
of the Depression and Re-elevation of the Land during the Glacial 
Period, 400, 457.—W. H. Twelvetrees. Notes on the Geology of the 
Country at the Base of the S.W. Slopes of the Urals, 407.—S. V. Wood. 
Further, Remarks on the Origin of the Loess, 411.—M. W. Norman 
The Chloritic Marl and Upper Greensand of the Isle of Wight, 440,— 
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H. Woodward. Note on Eilpsocaris Dewalquet, 2 new Phyllopod 
Crustacean Shield from the Upper Devonian of Belgium, 444.—H. B. 
Woodward. Notes on the Bure Valley Beds and the Westleton Beds, 
452.—J. S. Gardner. A Revised Classification of the British Hocenes, 
466.—J. Milne. arth Movements, 481—W. Keeping. On some 
Remains of Plants, Foraminifera, and Annelida, in the Silurian Rocks 
of Central Wales, 485.—IE. Hull. Notes on the Permian and Trias, 
491.— A. Irving. Notes on the Post-Carboniferous (Dyassic) and 
Triassic Deposits of the Alps, 494 W. Keeping. The Geology of 
Cardigan Town, 519.— HE. Wethered. On the Origin of the He- 
matite Deposits in the Carboniferous Limestone, 522.— P. H. Car- 
penter. Notes on Oreaster bulbiferus from the Upper Chalk, Bromley, 
Kent, 529.—T. Rupert Jones. Notes on the Sudden Destruction of 
Marine Animals, 533.—R. H. Traquair. Notice of New Fish-Remains 
from Borough Lee, near Edinburgh, 540.—J.S. Gardner. The Fallacy 
of the Theory of the “‘ Permanence of Continents,” 546.—E. B. Tawney. 
Woodwardian Laboratory Notes: N. Wales Rocks, III, 548.—A. Irving. 
The Permian and Trias ; Rejoinder to Prof. Hull, 559.—C. Lapworth. On 
the Discovery of Cambrian Rocks in the Neighbourhood of Birmingham, 
563.—W. Dames. On the Structure of the Head of Archzeopteryx, 566. 


Geological Magazine. Dec. LI. Vol. ix. Nos. 7-12. 1882. Pur- 


chased, 


—. » Volz. Noes. 6)" 1833; 

H. Woodward. On a New Genus of Fossil ‘‘Calamary,” from the 
Cretaceous Formation of Sahel Alma, near Beirait, Lebanon, Syria, 1.—T. 
Davidson. On Scottish Silurian Brachiopoda, 5.—H. H. Howorth. Traces 
of a Great Post-Glacial Flood, 9,71, 118.—EH. B. Tawney. Woodwardian 
Laboratory. Notes: N. Wales Rocks, 17, 65.—W. Whitaker. The Red 
Chalk of Norfolk, 22.—A. G. Nathorst. On the so-called “ Plant 
Fossils’ from the Silurian of Central Wales, 33.—W. Carruthers. On the 
Foliage of Sigillaria Serlii, Brongn., 49.—A. Nehring. The Fauna of 
Central Europe during the Loess-Period, 51.—W. Flight. Supplement 
to a Chapter in the History of Meteorites, 59.—A. Rzehak. On the Orbi- 
toidal Strata near Auspitz, Moravia, 79.—E. T. Newton. On the Remains 
of a Red-throated Diver, Colymbus septentrionalis, Linun., from the 
‘‘Mundesley River Bed,’ 97.—J. J. H. Teall. Notes on the Cheviot 
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Geological Magazine. Dec. II. Vol. x. Nos. 1-6. 1883. Pur- 


chased. 
Geologists’ Association, Annual Report for 1882. 1883. 


—. Proceedings. Vol. vii. Nos.5-7. 1882. 

H. Hicks. On some Recent Researches among Lower Paleozoic 
-Rocks in the British Isles, 281.—P. M. Duncan. On Lakes and thei” 
Origin, 298.—C. HE. De Rance. The Progress and Prospects of English 
Submarine Tunnels, 323.—E. D. Jones. Description of a Section across 
the River Severn, based upon the Borings and Excavations made for the 
Severn Tunnel, 339.—L. Fletcher. Demonstration on the Collection of 
Meteorites in the British Museum (South Kensington), 351.—W. Faw . 
cett. Report on the Visit to the British Museum (South Kensington), 
Botanical Department, 8354.-W. Topley. Report on the Excursion to 
Battle and Hastings, 356.—S. O. Ridley. On the Geographical Distribu- 
tion of Corals, 8360.—J. Logan Lobley. Report onthe Excursion to Red- 
hill and Crawley, 369.—J. Logan Lobley. Report on the Excursion to 
Tileate Forest, Cuckfield, and Hayward’s Heath, 372.—W. H. Hudleston. 
Report on the Excursion to the Isle of Purbeck, 377.—J. L. Lobley. On 
a New Section in the Thames Valley, 391.—J. L. Lobley. Excursion to 
Hayward’s Heath and Ditchling Beacon, 395.—W. Whitaker and J. 
Hopkinson. Excursion to Rickmansworth, 397. T. V. Holmes. Excur- 
sion to the Deneholes of Bexley, 400.—T. V. Holmes. Notes on the 
Geology of Cumberland North of the Lake District, 404.—W. H. Hudle- 
ston. Excursion to the West Riding of Yorkshire, 420. 


Aiea. Vol war Nov 1... 188s. . 

W. H. Hudleston. On the Geology of Palestine, 1.—T. Rupert Jones. 
On some Fossil Entomostraca from the Purbeck Formation at Boulogne, 
54,—T. V. Holmes. The New Sections in Westcombe Park, Greenwich, 
59. 


Giessen. Oberhessische Gesellschaft ftir Natur- und Heilkunde. 
Bericht 21. 1882. 


Gloucester. Cotteswold Naturalists’ Field Club. Proceedings. 
1881-82. Vol. viii. : 

H. Cossham. The Cannington Park Limestone, 20.—E. Wethered. 
On a Section of Strata exposed in a Railway Cutting at Morse, near Dry- 
brook, 24.—W. C. Lucy. On the Minerals of Gloucestershire, with part 
of the adjacent Counties of Somerset and Worcestershire; also list of 
Derived Rocks found in the Northern Drift Gravel over the same area, 
30.—E. Witchell. On the Pisolite and the Basement Beds of the Inferior 
Oolite of the Cotteswolds, 35.—T. Wright. I. On a New Species of Star 
Fish, from the Forest Marble, Wilts, 50. II. On a New Species of 
Brittle Star, from the Coral Rag of Weymouth, 53.—III. On a New 
Astacomorphous Crustacean, from the Middle Coral Reef of Leckhamp- 
ton Hill, 56. 


Halifax, N.S. Nova-Scotian Institute of Natural Science. Pro- 

ceedings and Transactions. Vol. v. Part 4 (1881-82). 1882. 

D. Honeyman. Nova Scotian Geology (superficial), 319.—D. Honey- 

man. Geological Notes. Metalliferous Sands, 336.—E. Gilpin. The 
Northern Outcrop of the Cumberland Coal Field, 387. 
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Halle. Academiae Caesareae Leopoldino-Carolinae Germanicae 
Naturae Curiosorum. Nova Acta. Tomus 42. 1881. 
J. V. Deichmiiller. Fossile Insecten aus dem Diatomeenschiefer von 


Kutschlin bei Bilin, Bohmen, 293. 
. Tomus 43. 1882. 


H. Engelhardt. Ueber die fossilen Pflanzen des Stisswassersandsteins 
von Grasseth, 273. 


Harlem. Société Hollandaise des Sciences. Archives Néerlandaises. 
Tome xvid Taye: d—5,;, 1882; 
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Havre. Société Géologique de Normandie. Bulletin. Tome vii. 
(1880). 1882. 

F. Prudhomme. Rapport sur les Archives de la Commission Scienti- 
fique du Mexique, 33.—-E. Savalle. L/’affaissement du sol des Pays-Bas, 
47.—KE. Savalle. Note sur l’état de la Falaise du Havre 4 Bléville, pen- 
dant V’hiver de 1878-79, 52.—E. Savalle. Note sur les Eboulements et 
les Valeuses pendant Vhiver de 1878-79, 54.—E. Savalle et F. Prud- 
homme. Note sur un affleurement de Craie Sénonienne a Sandonyille, 58. 
—C. Beaugrand. Note sur un bloc erratique recueilli dans les Sables 
Aptiens d’Octeville, 59-—G. Drouaux. Note sur un dépot tertiaire re- 
connu & Manneville-sur-Risle (Eure), 60.—J. Skrodsky. Note sur la 
signification de l’Etage et des bancs-limites, 63.—G. Lennier. Mémoire 
pour servir 4 )’étude d’un projet de Tunnel sous-marin, destiné a relier 
les deux rives de la Seine & son embouchure, 67.—Deshayes. Gisements 
de silex préhistorique 4 Manneville-sur-Risle et aux environs de Pont- 
Audemer, 86.—G. Lennier. Observations Géologiques et Zoologiques 
faites dans la baie de Seine et sur les rivages et les falaises qui limitent 
cette baie, 100. 


Hobart Town. Royal Society of Tasmania. Papers and Proceedings 
and Report for 1880. 1881. 

R. Etheridge, jun. A Contribution to our Knowledge of the Unionidee 
of the Launceston Tertiary, 18.—R. M. Johnston. Description of a New 
Species of Helix found fossil in a calcareous sandstone deposit at Kent's 
Group, 24.—C. E. Barnard. Notes relating to certain Fossil Leaves and. 
Fruits found in the auriferous drifts of Gulgong, New South Wales, 40. 


Institution of Civil Engineers. Minutes of Proceedings. Vol. lxviu. 
1882. 


Le S| « ViGl, paar eel ooo. 


.  Woli des FV ESS2. 
EK. L. Williams. On the Recent Landslips in the Salt Districts of 
Cheshire, 378. 


as, (f=) Vol, box Sse. 


Kansas City. Kansas City Review of Science and Industry. Vol. ii. 
No.1. 1879. Presented by Wm. Whitaker, Esq., F.GS. 
KE. L. Berthoud. On the Origin and Formation of Coal, 23 —E. 5. 
Edmunds. Geology of La Grange County, Indiana, 28. 


=4i4is \ NOs 7. aaome- 


J. Thome. The Rosedale Gas Wells, 410.—-C. C. Abbott. Pliocene 
Man, 413. 


———__— 


ADDITIONS TO THE LIBRARY. 95 


Knowledge. Vol. ii. Nos. 86-61. 1882. 

KH. Clodd. Antiquity of Man in Western Europe, 87, 273.—W. J. 
Harrison. Aids to the Study of Geology, 90.—A. Wilson. Found 
Links, 124, 159.—W. Boyd Dawkins. On River Drift Man, 242.—W. 
J. Harrison. Geology of Llandudno and Rhyl, 305, 335.—EHarthquakes 
in the British Isles, 359, 373, 400, 4534.—T. W. Webb. Earthquakes in 
Herefordshire, 469. 


—. Vol. ui. Nos. 62-85. 1883. 
G. Allen. A Geological Excursion, 259.—W. J. Harrison. Geology 
of the Isle of Man, 277.—E. P. West. _ Age of the Missouri, 327. 


Konigsberg. Konigliche physikalisch-dkonomische Gesellschaft. 
Beitrige zur Naturkunde Preussens. No. 2. 1869. Pur- 


chased. 
O. Heer. Miocene baltische Flora, 1. 


: : No. 3. 1874. Purchased. 
EK. T. G. Steinhardt. Die bis jetzt in preussischen Geschieben ge- 
fundenen Trilobiten, 1. 


eee 


——, —— ——, No.4. 1879. Purchased. 
ee Nig s.. BOO... euRenasc. 


Lausanne. Société Vaudoise des Sciences Naturelles. Bulletin. 
Sér. 2. Vol. xviii. Nos. 87-88. 1882. 

HE. Renevier. Le Musée géologique de Lausanne en 1881. Rapport 
adressé a la Commission des Musées, 81.—V. Payot. Note sur les oscil- 
lations des glaciers de Chamonix en 1881, 113.—E. Chuard. Notice sur 
Veau minérale d’Henniez, 121.—E. Renevier. Nouveau gisement de 
marbre saccharoide sur Brangon (Valais), 129.—A. Jaccard. Décou- 
verte de feuilles fossiles dans le lac de Neuchatel, au port de Bevaix, 
134.—De Tribolet. Analyses de caleaires hydrauliques du Jura neu- 
chatelois et vaudois, 148.—H. Schardt. Sur la subdivision du Jurassique 
supérieur dans le Jura occidental, 206.--R. Hiausler. Notes sur les 
Foraminiféres de la Zone 4 Ammonites transversarius, 220. 


Leeds. Philosophical and Literary Society. Annual Report for 
1881-82. 


——. Yorkshire Geological and Polytechnic Society. Proceedings. 
Vol. vii. Part 1. 1883. 

J. W. Davis. Biographical Notices of Eminent Yorkshire Geologists, I., 
“ John Phillips,” 3.—E. M. Cole. On the White Chalk of Yorkshire, 21.— 
G. W. Lamplugh. Glacial Sections near Bridlington, Part I, 27.—J. W. 
Davis. Notes on the Occurrence of Fossil Fish Remains in the Carboniferous 
Limestone Series of Yorkshire, 39.—J. R. Eddy. On the Lead Veins in 
the neighbourhood of Skipton, 63,—R. Law and James Horsfall. On the 
Discovery of Flint Implements on the Hills between Todmorden and 
Marsden, 70.—W. Cash. Yorkshire Fossil Mollusca, 77.—T. W. Tew. 
On the Recent Extension of Mining Operations under the Permian For- 
mations, 89.—G. W. Lamplugh. Thornwick Bay, Flamborough, 103. 
—J. W. Davis. On some Sections Exposed during the Formation of the 


96 ' ADDITIONS TO THE LIBRARY. 


Line of Railway between Upton and Kirk Smeaton, 107.—W. H. Hudle- 
ston. Notes on the Excursion to the West Riding of Yorkshire, 113. 
—J. W. Davis. Summary of Geological Literature relating to Yorkshire, 
published during 1882, with Addenda for 1881, 147. 


Leicester Literary and Philosophical Society. Transactions. Part viii. 
(1865-70). 1882. 


——. Report of the Council and Transactions for the year 1881- 
82. 1882. 
J.D. Paul. Report of the Geological Section, 23. 


Leipzig. Naturforschende Gesellschaft. Sitzungsberichte. Jahr- 
gang 8 (1881). 1882. 

H. Credner. Ueber einige Stegocephalen (Labyrinthodonten) aus dem 
sachsischen Rothliegenden, 1.—A. Sauer. Ueber die Krossteinsgrusfacies 
des Geschiebelehmes von Otterwisch, 12.—H. Credner. Ueber Branchi- 
osaurus amblystomus, een neuen Stegocephalen aus dem Rothliegend- 
Kalk von Niederhasslich im Plauen’schen Grunde, 43.—H. Credner. 
Ueber Melanerpeton Fr. aus dem Rothliegend-Kalke von Niederhasslich 
im Plauen’schen Grunde, 45. 


: : Jahrgang 9 (1882). 1883. 
A. Sauer. Ueber ein kiirzlich aufgefundenes nordisches Phonolith- 
geschiebe aus dem Diluvium von Machern, ostlich von Leipzig, 2. 


——-. Aeitschrift fiir Krystallographie und Mineralogie. Band vi. 
Heft 6. 1882. Purchased. 

A. Schmidt. Cerussit und Baryt von Telekes im Borsoder Comitate 
(Ungarn), 545.—O. Liidecke. Ueber Feuerblende von St. Andresberg, 
570.—A. Purgold. Zwei abnorme Diamantkrystalle, 595.—H. A. Miers. 
Cerussit von La Croix, Vosges, 598. 


: Band vii. Hefte 1-6. 1883. Purchased. 
. A. Cossa und A, Arzruni. Ein Chromturmalin aus den Chromeisen- 
lagern des Urals, 1.—A. Damour. Chemische Zusammensetzung eines 
ertinen Glimmers aus dem Hiittendistrict von Syssert am Ural, 17.—L. 
Fletcher. Ueber Skutterndit, 20.—A. Schmidt. Newberyit von Mejel- 
lones, Chile, 26.—F. Obermayer. Morphologische Studien am Hyalophan 
und Labradorit, 64.—T. Hjortdahl. Mangan- und LHisenpikrat, 69.—A. 
von Lasaulx. Ueber den Manganvesuvian vom Johnsberge bei Jordans- 
miihl in Schlesien und den Titanomorphit, 71.—F. J. Wink. Mitthei- 
lungen iiber finnische Mineralien, 76.—H. Sjogren. Chondrodit von 
Kafveltorp, 113.—C. Burwold. Mineralogische Notizen, 167.—C. Bode- 
wig. Analysen einiger Magnetkiese, 174.—W. J. Lewis. Krystallo- 
graphische Notizen, 181.—H. Fischer und D. Rust. Ueber das mikrosko- 
pische und optische Verhalten verschiedener Kohlenwasserstoffe, Harze 
und Kuhlen, 209.—A. Cathrein. Ueber Saussurit, 234.—A. Cathrein. 
Ueber die chemische Zusammensetzung der Diallage von Wildschonau 
und Ehrsberg, 249.—C. Hintz. Ueber krystallisirten Danburit aus der 
Schweiz, 296.—L, Fletcher. Ueber die Zwillingsverwachsungen des 
Kupferkieses, 321.—A. Arzruni und C. Barwald. Beziehungen zwischen 
Krystallform und Zusammensetzung bei den EHisenarsenkiesen, 537.—H. 
Sjogren. Ueber ein neues Vorkommen von Humit (Typus 1) und tber 
die chemischen Formeln des Humit, des Chondrodit und des Klinohumit, 
344,—E. §. Dana. Ueber den Monazit von Alexander County, Nord- 
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carolina, 862.—S. L. Penfield. Ueber das Vorkommen und die Zusam- 
mensetzung einiger amerikanischer Monazitvarietaten, 366.—O. Korn. 
Untersuchungen am Vesuvian von Kedabék in Kaukasien, 371.—P. Groth. 
Beitrage zur Kenntniss dernatiirlichen Fluorverbindungen, 375,—A. Brun. 
Mineralchemische Notizen, 389.—A.Schrauf. Analyse des Danburit von 
Scopi, 391.—C. Bodewig. Chemische Zusammensetzung des Danburit 
aus der Schweiz, 391.—C. Hintze. Zur Krystallform des Dolomits aus 
dem Binnenthal, 438.—W. C. Broégger. Ueber Krystalle von Thorium, 
442,—F’. J. P. von Calker. Mineralogische Mittheilungen, 447.—P. Groth. 
Beitrage zur Kenntniss der natiirlichen Fluorverbindungen, 457.—H. 
Laspeyres. Kiinstliche Krystalle von. Mangan-Hisen-Olivin, 494.—H. 
Biicking. Bronzit vom Ultenthal, 502.—A. Schmidt. Mineralogische 
Notizen, 547.H. Biicking. Ueber den Einfluss eines messbaren Druckes 
auf doppeltbrechende Mineralien, 555.—T. Liweh. Datolith von Terra 
di Zanchetto bei Bologna, 569.—W. J. Lewis. Ueber einen Stephanit- 
krystall yon Wheal Newton, 575.—C. Hintze. Apatit von Striegau, 
590.—C. Hintze. Nachtrag zum Danburit von Scopi, 591.—P. Groth. 
Ueber farblosen Cordierit von Brasilien, 594. 


Leyden. Geologische Reichs-Museum. Sammlungen. No.3, 1882. 
A. Wichmann. Gesteine von Timor, 1. 


Liége. Société Géologique de Belgique. Annales. Tome vit. 
(1880-81). 1882. 

G. Dewalque. Sur un nouveau gisement de Dictyonema sociale, Ixvi. 
—W. Spring. Les mines de diamants de l'Afrique australe, lxx.—J. de 
Macar. Deux mots en réponse aux observations présentées par M. R. 
Malherbe sur mon étude et mes cartes des bassins de Liége et de Herve, 
Ixxiv.—G. Dewalque. Sur deux fossiles des argilites de Morlanwelz, 
xciv.—A. Firket. Limon fossilifére quaternaire dans la vallée de la Meuse, 
exvili.—A. Firket. Documents pour l’étude de la répartition stratigraphique 
des végétaux houillers de la Belgique, exxviii—G. Dewalque. Sur un 
nouveau gite de fossiles dans l’assise du poudingue de Burnot, cxxxvi.— 
R. Malherbe. De la richesse et de la division du systéme houiller de la 
province de Liége, exxxvill.—G. Dewalque. Sur la faune des yuartzites 
taunusiens._—H. Forir. Note sur la Diadochite (Destinézite) et la Del- 
vauxite, cli.—H. Forir et G. Dewalque. Compte rendu de la Réunion 
Extraordinaire tenue a Verviers du 17 au 20 septembre 1881, clvy.—R. 
Malherbe. Observations.relatives a l'étude de M. de Macar sur les bassins 
houillers de Liége et de Herve (Mémoires), 3.—G. Jorissenne. Note sur 
un rognon calcaire volumineux et des rognons divers dans les schistes 
houillers supérieurs de Liége (Mémoires), 15.—C. Ubaghs. Notice bio- 
graphique sur J. A. H. Bosquet (Mémoires), 20.—R. Malherbe. De la 
richesse et de la division du systéme houiller de la province de Liége 
(Mémoires), 27.—G. Dewalque. Fragments paléontologiques (Mémoires), 
43,—K. Delvaux. Mémoire sur les phénoménes Waltération des dépéts 
superficiels par Vinfiltration des eaux météoriques, étudiés dans leurs 
rapports avec la géologie stratigraphique par E. Van den Broeck (Biblio- 
eraphie), 5. 


Lille. Société Géologique du Nord. Annales. Tome ix. (1881- 
1882). 1883. 

Grand’Eury. Note sur les empreintes houilléres récoltées dans les 
Asturies par M. C. Barrois, 1—Jannel. Excursions eéologiques dans le 
golfe Rhénan de Charleville, 2,285.—A. Bargatzky. Les Stromatopores, 
33.—J. Gosselet. Note sur la tranchée entre Aubigny-au-Bac et Somain, 
45,—J. Gosselet. Sur lVorigine des calcaires dévoniens de la Belgique, 
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d’aprés M. Dupont, 45.—C. Barrois. Sur le terrain silurien supérieur de 
la Haute-Garonne, 50.—C. Maurice. Exposé des recherches de M. W. 
Branco sur ’embryogénie et les affinités des Céphalopodes fossiles, 54, 
104,—J. Gosselet. Sur le forage de puits artésiens dans la Flandre, 71.— 
J.Gosselet. Sur lorigine de la stratification entrecroisée dans les sables, 
76.—J. Gosselet. Observations sur le Heersien 4 propos d’une note de 
MM. Vincent et Rutot, 83.—L. Carton et A. Boussemaer. Note sur 
les dépéts dit aachéniens dans quelques poches du Calcaire de Tournay, 
85.—C. Barrois. Analyse des recherches de M. J. Kiihn sur les ophites 
des Pyrénées, 89.—J. Gosselet. Analyse d’une note de M. Purves sur le 
terrain houiller inférieur, 96.—Lahoussaye. Note sur le terrain ardoisier 
de Rimogne, 98.—A. Bargatzky. Observations sur les Stromatopores, 
126.—J. Gosselet. Etude sur la partie supérieure du Bathonien dans le 
département de l’Aisne, 132.—N. de Mercey. Nouvelles observations 
sur. quelques travaux relatifs au Quaternaire du Nord, 138.—C. Maurice. 
Les Insectes fossiles spécialement d’aprés les travaux de M. Scudder, 
152.—J. Ortlieb. Compte-rendu de l’excursion de la Société au Mont des 
Chats et aux collines environnantes, 181.—J. Gosselet. Description 
géologique du Canton de la Capelle, 212.—C. Barrois. Sur les plages 
soulevées de la céte occidentale du Finistére, 239.—Delplanque. Excur- 
sion géologique & l’Hempempont, 270.—Queva. Excursion a Ostricourt, 
272.—Queva. Excursion aux environs de Tongres et d’Anvers, 273. 


Lille. Société Géologique du Nord. Annales. Tome x. (1882-83). 
fir, 1. 1863. 

A. Six. L’Eboulement d’Elm,2.—J.de Guerne. Observations géolo- 
giques faites 4 Vile Jan Mayen, au cours de l’expédition norvégienne dans 
VAtlantique Nord. D’aprés les travaux du professeur Mohn, 12.—Jannel. 
De la présence de quelques substances métalliques et autres dans le Revi- 
nien, 26.—Olry. Coupé du sondage de Divion de la Compagnie des 
mines de Bruay, 28.—J. Gosselet. Note sur la zone dite métamorphique 
de Paliseul, 30.—A. Six. Les Iguanodons de Bernissart, 35.—J. Gosselet. 
Observations sur les formations marines modernes du port de Dunkerque, 
38.—J. Gosselet. Note sur les formations continentales prétertiaires du 
Nord de la France, 49.—C. Barrois. Aperc¢u de la constitution géologique 
de Quimper, Pont-l’Abbé, Lorient et Chateaulin, 56.—J. Gosselet. Les 
schistes de Fumay, 63. 


Linnean Society. Journal. Zoology. Vol. xvi. Nos. 94-96. 1882 
—83. 


——-, -——. Botany. Vol. xix. Nos. 120 &122. 18382: 
—. ——. ——. Vol. xx. Nos. 123-128. 1888. 

—-. Proceedings. 1880-82. 1883. 

——, Transactions. Vols. i—viii. 1791-1807. 

———, =—. Ser.2. Botany. Vol. u. Paris 2-4. sez =a 
——, =+4, —_; Zoology. Vol... ‘Parts 5 & 6.) deazeae: 


Lisbon. Sociedad de Geographia. Boletin. 3 Serie. Nos, 7 & 8. 
1882. 


: : : . Nos. 4&5. 1882. 
J. dos Santos Vaquinhas. Timor, 242. 


——, 
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Liverpool. Geological Association. Annual Report, 1882. 1882. 


. Transactions. Vol. u. (1881-82). 1882. 

G. Tate. The Formation and Changes of Minerals, 18.—T. Shilston. — 
On Fossil Footprints, 17.—A. N. Tate. Chemical Action in relation to 
Geological Change, 22.—T. M. Reade. Rivers, 27._H. T. Mannington. 
Tron Pyrites, 43,-A. N. Tate. Note on Ferruginous Bands in the Sand- 
stones of this District, 63.—D. Clague. Volcanoes, 67.—A. W. Auden. 
Fossil Horses, 75.—J. M. Roberts. Salt, 80.—W. Semmons. Some 
Geological Notes on a Cornish Beach, 85.—T. Brennan. Theories of Vol- 
canic Energy, 87.—C. HE. Miles. Diamonds, 92. 


——. Geological Society. Proceedings. Session 23. Vol. iv. 
Part 4. 1883. 

D. Mackintosh. Traces of an Interglacial Land-surface at Crewe, 267. 
—T. M. Reade. Ona Section of the Formby and Leasowe Marine Beds 
and Superior Peat Bed, disclosed by the cuttings for the outlet sewer at 
Hightown, 269.—T. J. Moore. Notes on the Mammalian Remains from 
Hightown, 277.—T. Ward. The Subsidences of Land in the Salt Districts 
of Cheshire, and their connection with the manufacture of Salt, 281.—G. 
H. Morton. The Carboniferous Limestone and Cefn-y-fedw Sandstone 
of Flintshire, 297.—G. H. Morton. The Base of the New Red Sandstone 
in the country about Liverpool, 321. 


——. Naturalists’ Field Club. Proceedings, 1881-82. 1882. 
Presented by W. Whitaker, Ksq., F.GS. 


London, Edinburgh, and Dublin Philosophical Magazine. Series 5. 
Vol. xii. No. 84. 1882. Presented by Dr. Francis, F.G.S. 
L. Fletcher. Crystallographic Notes, 474.—W. G. Lettsom. On 
Rhabdophane, a new Mineral, 527. 


. Vol. xiv. Nos. 85-90. 1882. Presented by Dr. 
Fr ances, F'.GLS. 

W. J. Lewis. Crystallographic Notes, 119. On the Effect 
upon the Ocean-tides of a Liquid Substratum beneath ae Earth’s Crust, 
213.—L. Fletcher. Crystallographic Notes, 276.—S. Haughton. New 
Views of Mr. G. H. Darwin’s Theory of the Evolution of the - Earth-Moon 
System, considered as to its bearing on the a question of the Duration of 
Geological Time, 427. 


. Vol. xv. Nos. 91-96. 18838. . Presented by Dr 
jones E.G. 


London Iron-Trades Exchange. Vol. xxx. No. 1202. 1882. 
——. Vol. xxxi. Nos. 1203-1229. 1882. 


——. Vol. xxxi. Nos. 1230-1253. 1883. 
W. H. Butlin. On the Northampton Iron Ore District, 641, 


Lyons. Muséum d’Histoire Naturelle. Archives. Tome iii. 1883. 


Purchased. 
H. Filhol. Note sur quelques Mammiféres fossiles de l’6poque mio- 
céne, l. 
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Manchester. Geological Society. Transactions. Vol. xvi. Parts 
16-18 (1881-82). 1882. 
W. Boyd Dawkins. The Channel Tunnel, 389.—W. Watts. On a 
Section of Coal Measures in Saddleworth, 364. 


: ; Vol. xvii. Parts 1-7 (1882-83). 1883. 

C. E. De Rance. On the Occurrence of Manganese and Heematite at - 
Nant Uchaf near Abergele, Denbighshire, in Old Red Sandstone or Car- 
boniferous Basement Beds, 47.—G. H. Morton. On the Strata between 
the Carboniferous Limestone and the Coal Measures in Denbighshire and 
Flintshire, 74.—G. H. Kinahan. Notes on Fault-rock, 87.—R. T. Burnett. 
Section of Strata passed through in Artesian Well-boring at Ardwick. 
—W. Watts. Interesting Sections of Strata at Readycon Dean, Saddle- 
worth, 114. 


Melbourne. Royal Society of Victoria. Transactions and Pro- 
ceedings. Vol. xvii. 1882. 
A. W. Howitt. Notes onthe Diabase Rocks of the Buchan District, 7. 
—W. Nicholas. The Origin of Quartz Reefs and Gold, 47.—J. Stirling. 
The Physical Features of the Australian Alps, 98. 


Milan. Reale Istituto Lombardo di Scienze e Lettere. Memorie. 
Classe di Scienze Matematiche e Naturali. Vol. xiv. Fase. 3. 
1881. 


: Rendiconti. Ser. 2; Vol. xii. 1880; 

C. F. Parona. Appunti geologici sul bacino del lago d’ Orta, 119.—T. 
Taramelli. Sulla determinazione cronologica dei portidi luganesi, 164.— 
T. Taramelli. Dell’ origine della Zerva rossa sugli afhoramenti di suolo 
calcare, 261.—T. Taramelli. Della necessita in Italia di un Istituto geo- 
logico independente dal R. Corpo degli Ingegneri delle miniere, 294.—C. ~ 
J. Forsyth Major. Breccie ossifere e stazione neolitica in Corsica, 452. 
—C. De’ Stefani. I fossili triasici nelle Alpi Apuane, 493. 


: ; = “Vol: sty. hSsk 

T. Taramelli. Della Salsa di Querzola, nella provincia di Reggio, 471. 
—T. Taramelli. Sulla recente scoperta di fossili siluriani nella provincia 
di Udine, 590.—C. F’. Parona. Di alcuni fossili del Giura superiore rac- 
colti nelle Alpi venete occidentali, 647. 


——. Societa Italiana di Scienze Naturali. Atti. Vol. xxiii. 
Fase. 3 & 4. 1881. 

P. Castelfranco. Notizie intorno alla stazione lacustre della Lagozza 
nel comune di Besnate, 193.—F. Sordelli. Sulle piante della torbiera e 
della stazione preistorica della Lagozza nel comune di Besnate, 219.—C. 
F. Parona. I fossili degli strati a Posedonomya alpina di Camporovere nei 
Sette Comuni, 244.—P. Polli. Notizie sulla grafite di Brissago, 278.— 
A. Verri. Seguito delle note sui terreni terziari e quaternari del bacino 
del Tevere, 127.—A. Stoppani. LL’ éra neozoica in Italia, 297. 


: : . Vol. xxiv. Fasc. 1-4. 1881-82. 

G. Mercalli. I terremoti dell’ Isola d’ Ischia, 20.—P. Lucchetti. Sulla 
causa dei terremoti, 88.—G. Malfatti. Biblioerafia degli insetti fossili 
italiani finora conoscenti, 89.—G. Mercalli. Natura delle eruzioni dello 
Stromboli ed in generale dell’ attivita sismo-vulcanica nelle Holie, 105. 
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Milan. Societa Italiana di Scienze Naturali. Atti. Vol. xxv. 
Fase. 1 & 2. 1882. 
F. Sordelli. Sui fossili e sull’ eta del deposito terziario della Badia 
presso Brescia, 85. 


Mineralogical Society of Great Britain and Ireland. Minera- 
logical Magazine and Journal. Vol.v. No. 23. 1882. 

J. Lorenzen. On some Minerals from the Sodalite-Syenite in Juliane- 
haab District, South Greenland, 49. —M.F. Heddle. The Geognosy and 
Mineralogy of Scotland, 71.—Guyot. Description of a Crystal of Kuclase, 
belonging to my Collection, 107. 


Montreal. Canadian Naturalist. N.S. Vol. x. Nos. 2-7. 1881, 
1882, & 1883. 

J. W. Spencer. Discovery of the Preglacial Outlet of the Basin of 
Lake Erie into that of Lake Ontario; with Notes on the Origin of our 
Lower Great Lakes, 65.—H. Montgomery. A Blastoid found in the 
Devonian Rocks of Ontario, 80.—B. J. Harrington. Note on the Com- 
position of Dawsonite, 84.—J. F. Whiteaves. On some Fossil Fishes, 
Crustacea, and Mollusca, from the Devonian Rocks at Campbellton, N.B., 
with descriptions of five new Species, 93.—J. W. Dawson. Note ona 
Fern associated with Platephemera antiqua, 102.—J. W. Dawson. A 
Fossil Phyllopod Crustacean from the Quaternary Clays of Canada, 122. 
—J. W. Spencer. Paleozoic Geology of the Region round about the 
' western end of Lake Ontario, 131.—C. Robb. The Geology of St. Ignace 
Island, Lake Superior, 172.—A. J. von Weeickoff. Notice of a Memoir 
on Glaciers and Icebergs in relation to Climate. With remarks by J. W. 
Dawson, 181.—R. Chalmers. On the Surface Geology of the Baie de 
Chaleurs Region, 193.—J. W. Spencer. Surface Geology of the Region 
about the western end of Lake Ontario, 218, 265.—J. W. Dawson. On 
the results of Recent Explorations of Erect Trees containing Reptilian 
Remains in the Coal Formation of Nova Scotia, 252.—G. J. Brush. The 
Progress of American Mineralogy, 321.—W. Boyd Dawkins. On the 
present Phase of the Antiquity of Man, 560.—J. W. Dawson. The Suc- 
cessive Palzeozoic Floras of Canada, 372.—J. W. Dawson. On portions 
of the Skeleton of a Whale from Gravel on the line of the Canada Pacific 
Railway, near Smith’s Falls, Ontario, 385.—J. F. Whiteaves. Note on 
the occurrence of Siphonotreta scotica, Davidson, in the Utica Formation 
near Ottawa, Ontario, 396.—J. W. Dawson. Preliminary Notice of new 
Fossils from the Lower Carboniferous Limestones of Nova Scotia and 
Newfoundland, 411.—T. Sterry Hunt. The Geology of Port Henry, New 
York, 420.—G. M. Dawson. Notes on the more important Coal Seams 
of the Bow and Belby River Districts, 428.—J. D. Dana. On the former 
Southward Discharge of Lake Winnipeg, 436. 


Moscow. Société Impériale des Naturalistes. Bulletin. Tome lvi. 
(18st). - Wo. 4. 1s6t. 


—-. . —. Tome lvi. (1882). No.1. 1882. 

H. Trautschold. Zur Geologie des Gouvernements Wladimir, 1.—A. 
Becker. Die Steinbildungen, die Staphyliniden und neue Pflanzenent- 
deckungen bei Sarepta, 48.—-H. Trautschold. Ein Protest beziiglich der 
palaontologischen Nomenklatur, 79.—H. Trautschold. Ueber Crinoideen. 
Zusitze und Berichtigungen, 140. 


—. ——. ——. Tome lvii., (1882). No. 2. Livr. 1 & 2. 
1882. 
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Moscow. Société Impériale des Naturalistes. Bulletin. Table 
générale et systématique des matiéres contenues dans les 
premiers 56 volumes (1829-1881). 1882. 


Munich. Koniglich-bayerische Akademie der Wissenschaften. Sitz- 
ungsberichte der mathematisch-physikalischen Classe, 1882. 
Hefte 3-5. 1882. 

L.v. Ammon. Ein Beitrag zur Kenntniss der vorweltlichen Asseln, 

507.—F.. Pfaff. Einiges tiber Kalksteine und Dolomite, 550.—C. Haus- 

hofer. Ueber Zwillingsbildungen am Orthoklas, 641. 


Nancy. Académie de Stanislas. Mémoires. Série 4. Tome xiv. 
(1881). 1882. 


——. Société des Sciences. Bulletin. Série2. Tomevi. Fase. 13 


(1881). 1882. 

J. Wohlgemuth. Contact du bathonien et du callovien dans les dé- 
partements de Haute-Marne, Vosges, Meuse et Meurthe-et-Moselle, 2,— 
J. Wohlgemuth. Sur les calcaires blancs de Creué, 23.—Bleicher. Sur 
la géologie du Sud-oranais, 29.—Fliche et Bleicher. Etude sur la flore 
de Voolithe inférieure aux environs de Nancy, 54.—J. Wohleemuth. 
Note sur l’age des calcaires oolithiques miliaires du Grand-Failly (Mo- 
selle), 101.—J. Wohlgemuth. Note sur les calcaires blancs de Creué, 108. 
—J. Wohlgemuth. Note sur le jurassique moyen a lest du bassin de 
Paris, 116. 


Nature. Vol. xxvi. Nos. 660-678. 1882. 

The Channel Tunnel, 229.—British Association. Section C, Geology. 
Opening Address by R. Etheridge, 422.—British Association. Section D, 
Biology, Department of Anthropology. Address by W. Boyd Dawkins, 
434,— British Association. Section C, Geology, 468, 491.—H. J. Johnston- — 
Lavis. Diary of Vesuvius, January 1 to July 16, 1882, 455.—Underground 
Temperature, 564, 589.—W.G. Smith. Paleolithic Gravels of North-east 
London, 579.—J. Milne. Seismology in Japan, 627. 


Vol. xxvii. Nos. 679-704. 1882-83. 

G. H. Darwin. A numerical Estimate of the Rigidity of the Earth, 
22.,—J. Geikie. The Aims and Method of Geological Inquiry, 44, 64.— 
Invertebrate Casts versus Algee in Paleozoic Strata, 46.—<A. -Geikie. 
Recent Researches in the Metamorphism of Rocks, 121.—F. W. East- 
lake. Notes on the Geology of Hong Kong, 177.—W.G.Smith. Paleo- 
lithic Implements of North-east London, 270.—The late E. B. Tawney, 
295.—C. P. Smyth. The Peak of Teneriffe active again, 315.—EH. Hull. 
Physical History of the Dead Sea, the Jordan Valley, and Palestine, 520. 


——. Vol. xxviii. Nos. 705-712. 1883. 
A. Geikie. On the supposed Pre-Cambrian Rocks of St. David’s, 18. 
—The Story of a Boulder, 153. 


Neuchatel. Société des Sciences Naturelles. Bulletin. Tome xii. 
Cahier 3. 1882. 
E. Desor. Notice sur les silex préhistoriques des bords du Nil, .35.— 
M. de Tribolet. L’éboulement d’Elm, 489.—A. Jaccard. Le congrés 
eéologique international de Bologne en 1882, 512. 
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Neweastle-upon-Tyine. North-of-England Institute of Mining and 
Mechanical Engineers. Transactions. Vol. xxxi. (1881-82). 
1882. 

E. Gilpin. The Gold Fields of Nova Scotia, 151.—E. F. Melly. The 

Anthracite Coal of South Wales, 175.—J. D. Kendall. The Hematite 

Deposits of Furness, 211. 


New Haven, Conn. American Journal of Science. Ser. 3. Vol. xxiv. 
Nos. 189-144. 1882. 

J. Le Conte and W. B. Rising. The Phenomena of Metalliferous Vein- 
formation now in progress at Sulphur Bank, California, 23.—P. A. Derby. 
Modes of Occurrence of the Diamond in Brazil, 34——A. A. Young. 
Further Observations on the Crystallized Sands of the Potsdam Sandstone 
of Wisconsin, 47.—G. K. Gilbert. On the Origin of Jointed Structure, 
50.—J. M. Clarke. Cirriped Crustacea from the Devonian, 55.—C. E. 
Dutton. Tertiary History of the Grand Caiion District, 81.—T. C. Cham- 
berlin. Bearing of some recent Determinations on the Correlations of the 
Eastern and Western Terminal Moraines, 93.—J. D. Dana. The Flood of 
the Connecticut River Valley from the Melting of the Quaternary 
Glacier, 98.—A. W. Jackson. General Principles cf the Nomenclature 
of the massive Crystalline Rocks, 118.—W. Cross and W. F. Hillebrand. 
The Minerals, mainly Zeolites, occurring in the Basalt of Table Mountain, 
near Golden, Colorado, 129.—S. H. Scudder. The Affinities of Palgo- 
campa, Meek and Worthen, as evidence of the wide Diversity of Type in 
the earliest known Myriapods, 161.—E. Orton. A Source of the Bitumi- 
nous matter in the Devonian and Subcarboniferous Black Shales of Ohio, 
171.—B. K. Emerson. The Deerfield Dyke and its Minerals, 195, 270, 349, 
—W.J. McGee and R. E. Call. The Loss and associated Deposits of Des 
Moines, Iowa, 202.—W. B. Scott and H. F. Osborn. Orthocynodon, an 
animal related to the Rhinoceros, from the Bridger Kocene, 223.—K. S. 
Dana. On Crystals of Monazite from Alexander County, North Carolina, 
247.—_S. L. Penfield. On the Occurrence and Composition of some 
American varieties of Monazite, 250.—G. H. Darwin. Stresses caused 
in the Interior of the Earth by the Weight of Continents and Mountains, 
256.—J. F. Whiteaves. Note on the Occurrence of Stphonotreta scotica, 
Davidson, in the Utica Formation near Ottawa, Ontario, 278.—W. Cross 
and W. I’. Hillebrand. Notes on some interesting Minerals occurring near 
Pike’s Peak, Colorado, 281.—S. Haughton. New Views of Mr. G. H. 
Darwin’s Theory of the Evolution of the Harth-Moon System, considered 
as to its bearing on the question of the Duration of Geological Time, 335. 
—J.W. Dawson. Recent Discoveries in the Evian (Devonian) Flora of the 
United States, 338.—W. M. Davis. Brief Notice of Observations on the 
Triassic Trap Rocks of Massachusetts, Connecticut, and New Jersey, 345. 
—W. E. Hidden. Notes on some North Carolina Minerals, 372.—B. 
Silliman. Martite of the Cerro de Mercado or Iron Mountain of Durango, 
Mexico, and certain Iron Ores of Sinaloa, 375.—J. W. Spencer. Terraces 
and Beaches about Lake Ontario, 409.—B. F. Koons. High Terraces of 
the Rivers of Hastern Connecticut, 425.—J. D. Dana. Note on the former 
Southward Discharge of Lake Winnipeg, 428.—B. W. Frazier. On 
Crystals of Axinite from a locality near Bethlehem, Pennsylvania, with 
some remarks upon the Analogies between the Crystalline Forms of 
Axinite and of Datolite, 459. 


: ‘ . Vol. xxv. Nos. 145-150.’ 18883. 

F. D. Chester. On Boulder Drift in Delaware, 18.—W. W. Dodge. 
Relations of the Menevian Argillites and associated Rocks at Braintree 
and vicinity in Massachusetts, 65.—H. 8. Williams. Fauna at the base 
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of the Chemung Group in New York, 97.—H. Leffmann. Geological 
Chemistry of Yellowstone National Park. Geyser Waters and Deposits, 
104.—W. Beam. Rocks of the Park, 106.—J.M. Clarke. Discoveries 
in Devonian Crustacea, 120.—W. Cross. Hypersthene-andesite, 189.-— 
W. P. Blake. New Locality of the Green Turquois known as Chalchnite, 
and on the Identity of Turquois with the Callais or Callaina of Pliny, 
197.—J. W. Dowson. On portions of the Skeleton of a Whale from 
Gravel on the line of the Canada Pacific Railway, near Smith’s Falls, 
Ontario, 200.—C. A. White. Glacial Drift in the Upper Missouri River 
region, 206.—C. A. White. Late Observations concerning the Mol- 
luscan Fauna, and the Geographical Extent of the Laramie Group, 207.— 
C. E. Dutton. Recent Exploration of the Volcanic Phenomena of the 
Hawaiian Islands, 219.—J. B. Elliott. The Age of the Southern Appa- 
lachians, 282.—W. F. Fontaine. Notes on the Occurrence of certain 
Minerals in Amelia County, Virginia, 330.—J.C. Smock. Surface Limit 
or Thickness of the Continental Glacier in New Jersey and adjacent 
States, 339.—H. Leffmann and W. Beam. Contributions to the Geological 
Chemistry of Yellowstone National Park, 351.—C. G. Rockwood, Jun. 
Notes on American Earthquakes, No. 12, 353.—T. H. Streets. A Four- 
Years’ Record of Earthquakes in Japan, studied in their Relation to the 
Weather and Seasons, 361.—R.P. Whitfield. Observations on the Fossils 
of the Metamorphic Rocks of Bernardston, Mass., 368.—R. D. Irving. 
On the Nature of the Induration in the St. Peter’s and Potsdam Sand- 
stones in Wisconsin, 401.—C. A. White. On the Existence of a Deposit 
in North-eastern Montana and North-western Dakota that is possibly 
equivalent with the Green-River Group, 411.—E. D. Cope. On a new 
Extinct Genus and Species of Percidee from Dakota, 414.—J. L. Smith. 
On the Peculiar Concretions occurring in Meteoric Irons, 417.—J. Le 
Conte. On Mineral-Vein Formation now in progress at Steamboat 
Springs, compared with the same at Sulphur Bank, 424.—§. Calvin. On 
the Fauna found at Lime Creek, Iowa, and its relation to other Geological 
Faunas, 432.—F. D. Chester. Observations upon Stratified Drift in 
Delaware, 436.—J. D. Dana. On the Western Discharge of the Flooded 
Connecticut, or that through the Farmington Valley to New Haven Bay, 
441.—G. J. Brush and 8. L. Penfield. On Scovillite, a new Phosphate 
of Didymium, Yttrium, and other rare earths, from Salisbury, Conn., 
459. 


New Haven. Connecticut Academy of Arts andSciences. Transac- 
fions. Vol, ty. Part 22" 1662. 


= NOL ar 2. oor, 


oe —_——_ 
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New York Academy of Sciences. Annals. Vol.i. No. 14. 1879. 


—.. . Vol. a. Nes tea 1880. 13ei. 

J.C. Russell. The Geology of Hudson County, New Jersey, 27.—H. 
S. Williams. The Life-history of Spercfer levis, Hall: a Paleontological 
Study, 140.—N. L. Britton. On the Geology of Richmond, 161,—P. T. 
Cleve. Outlines of the Geology of the North-eastern West-India Islands, 
185.—R. P. Whitfield. Description ofnew Species of Fossils from Ohio, 
with Remarks on some of the Geological Formations in which they 
occur, 193.—L. Johnson. The Parallel Drift-Hills of Western New 
York, 249.—J. S. Newberry. The Origin and Relations of the Carbon 


Minerals, 267. 
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New York Academy of Sciences. Transactions. Vol.i. Nos. 1-5. 
1881-82. 

J. S. Newberry. Geological Facts recently observed in Montana, 
Idaho, Utah, and Colorado, 4—J. H. Furman. The Geology of 
the Copper-region of Northern Texas and the Indian Territory, 15.— 
P. T. Cleve. Outlines of the Geology of the North-eastern West-Indiz 
Islands, 21—A. A. Julien. The Excavation of the Bed of the Kaaters- 
kill, N. Y., 24.—A. A. Julien. The Volcanic Tuffs of Challis, Idaho, and 
other Western Localities, 49.—N. L. Britton. Additional Notes on the 
Geology of Staten Island, 56.—W. Le C. Stevens. The Mammoth Cave 
of Kentucky, 58.—H. L. Fairchild. On a peculiar Coal-like Transforma- 
tion of Peat recently discovered at Scranton, Penn., 71.—L. Johnson. 
The Parallel Drift-Hills of Western New York, 77.—J. 8. Newberry, 
Hypothetical High Tides as agents of Geological Change, 80.—W. E. 
Hidden. The Discovery of Emeraldsin North Carolina, 101.—J.S. New- 
berry. The Origin and Relations of the Carbon Minerals, 109. 


New York. American Museum of Natural History. 13th Annual 
Report, 1882. 1882. 


——. ——. 14th Annual Report, 1883. 1883. 


; . Bulletin. Vol.i. Nos.2-4. 1882 & 1883. 

R. P. Whitfield. On the Fauna of the Lower Carboniferous Lime- 
stones of Spergen Hill, Ind., with a revision of the descriptions of its 
Fossils hitherto published, and illustrations of the Species from the 
original type series, 39. 


——. The Engineering and Mining Journal. Vol. xxxiii. Nos. 
9& 21. 1882. Presented by Dr. C. Le Neve Foster, F.GS. 


' . Vol. xxxiv. Nos. 1-27. 1882. Presented by Dr. 
‘CO. Le Neve Foster, F.GS. 

E. Gilpin. The Goldfields of Nova Scotia, 5, 17.—W. P. Blake. Por- 
phyry Dyke, Tombstone District, Arizona, 29.—R. P. Rothwell. The 
Goldfields of the Southern Portion of the Island of San Domingo, 31.— 
L. Demarchi and O. Fodera. Notes on the Production of Pozzolana in 
the Provinces of Rome and Naples, 45.—R. W. Raymond. Note on 
Hoefer’s Method of determining Faults in Mineral Veins, 56.—Coal in 
Arizona and in Washington, 71.—The Denver Exhibition, 82, 94, 107, 
120.—Metalliferous Vein Formation at Sulphur Bank, California, 109.— 
The Formation of Coal, 110.—Clifton, New Mexico, its Copper Mines 
and Furnaces, 121.—The Virginia Gold Belt near the Richmond and 
Alleghany Railroad, 135,—Gold on the Isthmus of Panama, 173.—Guada- 
lupe Quicksilver Mine, California, 185.—B. Silliman. The Mineral 
Regions of Southern New Mexico, 199, 212.—L. R. Grabill. The Pecu- 
liar Features of the Bassick Mine, 226.—EK. D. Peters. Notes on the 
Oscura Copper-fields and other Mines in New Mexico, 270.—F. A. Lowe. 
The Silver Islet Mine and its present Development, 321.—W. B. Deve- 
reux. The Occurrence of Gold in the Potsdam Formation, Black Hills, 
Dakota, 334, 344. 


—_——— 


: iY Vol. xxxv. Nos. 1, 2, 4-15.17, 20-26. 1883, 
Presented by Dr. C. Le Neve Foster, F.GS. 

R. Keck. Genesis of Ore-deposits, 3.—P. Frazer. The Geology and 
the Copper Deposits of Adams County, Pennsylvania, 112.—T. S. Hunt, 
Coal and Iron in Alabama, 113.—H. Wood. Gold in New South Wales, 

VOL. XXXIX. k 
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147.—P. De P. Ricketts. Analysis of the Franklinite Ores of New | 
Jersey, 235.—James Nasmyth’s Geological Views, 282.—R. C. Hills. 
Ore-deposits of Summit District, Rio Grande County, Colorado, 332.— 
A. 8S. McOreath. The Iron Ores of the Valley of Virginia, 334.—J. Le 
Conte. On Mineral-vein Formation now in progress at Steamboat 
Springs, compared with the same at Sulphur Bank, 361.—J. N. Paxman. 
The Diamond-fields of South Africa, 582. 


Northampton Natural-History Society and Field Club. Journal. 
Vol.i. 1880-81. 

B. Thompson. Notes on Local Geology, 11, 40, 84, 142, 222, 280, 332. 
—W. Thornton. The Liassic Strata in the Western Highlands of Scot- 
land, 170.—B. Thompson: Hints on Geological Field-work, 192.—8. 
Sharp. A “ Huge Fossil” at Twywell, 280.—S. Sharp. Some Remarks 
on Local Wells and Borings, and upon the Consequences of Excessive and 
Indiscriminate Agricultural Drainage, 291. 


Norwich Geological Society. Proceedings. Vol. i. Part 6. 1882. 

J. Gunn. On the Rootlet-bed in relation to the Forest-bed Series of 
Norfolk and Suffolk, 161.—H. Prigg. Notes upon some Discoveries of 
Flint Implements in the Quaternary Deposits of the Hast of England, 
162.—W. H. Dalton. The Surface Metamorphism of the Eastern Coun- 
ties, 166.—F. Sandberger. A Contribution towards the Knowledge of 
the Lower Pleistocene Strata of England, 168.—H. B. Woodward. On 
the Classification of the Newer Tertiary Strata of England, 170.—A. J. 
Jukes-Browne. On the Evidence for Interglacial Erosion in Norfolk, 
171.—J. H. Blake. Onthe Conservancy of Rivers, Prevention of Floods, 
Drainage, and Water-Supply, 177. 


Ouro Preto (Brazil). Escola de Minas. Annaes. No.2. 1883. 

H. Gorceix. Estudo chimico e mineralogico das rochas dos Arredores 
de Ouro Preto, 7.—A. de Bovet. A industria mineral na Provincia de - 
Minas-Geraes, 25.—J. C. da Costa Sena. Noticia sobre a mineralogia 
e geologia de uma parte do Norte e Nordeste da Provincia de Minas- 
Geraes, 111.—Analyses feitas nos laboratorios de chimica e docimasia da 
Escola de Minas de Ouro Preto, 184. 


Paleontographical Society. Monographs. Vol. xxxvi. 1882. 
(Two copies.) 

J. S. Gardner and C. Baron von Ettingshausen. A Monograph of the 
British Hocene Flora, vol. i. part 3—T. Wright. Monograph on the 
British Fossil Echinodermata from the Cretaceous Formations, vol. i. 
part 10.—T. Davidson. A Monograph of the British Fossil Brachiopoda, 
yol. iv. part 5; vol. v. part 1—S. V. Wood. Third Supplement to the 
Crag Mollusca.—T. Wright. Monograph on the Lias Ammonites of the 
British Islands, part 5. 


Palermo. Societa di Scienze Naturali ed Economiche. Giornale di 

Scienze Naturali ed Economiche. Vol. xv. (1880-82). 1882. 

G. G. Gemmellaro. Sui fossili del calcare cristallino delle Montagne 

del Casale e di Bellampo, 98.—L. Bucca. Le Rocce Vulcaniche della 
Provincia di Palermo, 161. 


Paris. Académie des Sciences. Comptes Rendus. Tome xciv. 
No. 20. 1882. 
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Paris. Académie des Sciences. Comptes Rendus. Tome xciy. 
Nos. 25 & 26. 1882. 


A. Daubrée. Note sur les travaux préparatoires du chemin de fer 
sous-marin entre la France et l’ Angleterre, et sur les conditions géologiques 
dans lesquelles ils sont exécutés, 1678—A. Gaudry. Sur des -débris de 
Mammouth trouvés dans l’enceinte de Paris, 1682.—Bleicher et Mieg. 
Sur le Carbonifére marin de la haute Alsace; découverte de ses relations 
avec le Culm ou Carbonifére a plantes, 1739. 


ee ee index pos 
Tome xcv. Nos. 1-11. 1882. 


E. Fuchs. Sur les bassins houillers du Tong-King, 107.—Mivon et 
Bruneau. Reproduction de la calcite et de la withérite, 182.—R. Zeiller. 
Sur la flore fossile des charbons du Tong-King, 194.—Boussingault. Sur 
l’apparition du manganése a ia surface des roches, 318, 368.—P. Guyot. 
Sur la houille du Muaraze, en Zambésie, 355.—E. Riviere. Le gisement 
quaternaire de Billancourt, 391.—J. Guillemot. Observations sur un 
tremblement de terre ressenti 4 Couchey (Cote-d’Or), 398. 


: : . Nos. 13-26. 1882. 

G. Pinard. Sur un gisement de houille découvert dans la province 
d’Alger, et sur les couches de sable blanc qui l’accompagnent, 708.—F. de 
Lesseps. Le tremblement de terre de Visthme de Panama, 817.—S. 
Meunier. Contribution a histoire géologique du fer de Pallas, 938.—H. 
Jannettaz. Note sur l’étude du longrain et la mesure de la schistosite 
dans les roches schisteuses, au moyen de leurs propriétés thermiques, 996. 
—Dieulafait. La lithine, la strontiane et acide borique dans les eaux 
minérales de Contrexeville et de Schinznach, Suisse, 999.—Lemoine. 
Sur deux Plagiaulax tertiaires recueillis aux environs de Reims, 1009.— 
S. Meunier. Histoire géologique de la syssidére de Lodran, 1176.—C. 
Brongniart. Sur un nouvel insecte fossile de l’ordre des Orthoptéres, 
provenant des terrains houillers de Commentry (Allier), 1228.—S. Meu- 
nier. Analyse minéralogique de la roche empatée dans la syssidére 
d’ Atacama, 1584. 


. —. ——. Tome xcyvi. No.1. 18883. 

Dieulafait. Existence du zinc a |’état de ditfusion compléte dans les 
terrains dolomitiques, 70.—Bleicher et Mieg. Sur le Carbonifére marin 
de la Haute-Alsace ; la découverte du Culm dans la vallée de la Bruche, 
75. 


: : : . Nos, 3-24. 1883. 

Raboisson. Contribution a Vhistoire stratigraphique du relief du 
Sinai, et spécialement de l’age des porphyres de cette contrée, 282.—A. 
Gaudry. Sur les enchainements du monde animal dans les temps pri- 
maires, 405.—Dieulafait. Recherches géologico-chimiques sur les terrains 
saliféres des Alpes suisses, et en particulier sur celui de Bex, 452.—A. 
Ditte. Sur la production d’apatites et de wagnérites bromées a base de 
chaux, 575.—B. Renault. Sur les Gnétacées du terrain houiller de Rive- 
de-Giers, 660.—Dieulafait. La manganése dans les eaux des mers actu- 
elles et dans certains de leurs dépots ; conséquence relative 4 la craie 
blanche de la période secondaire, 718.—Denza. Chute d’une météorite a 
Alfianello, territoire de Brescia (Italie), 805.—Munier-Chalmas et 
Schlumberger. Nouvelles observations sur le dimorphisme des Forami- 
niféres, 862.—A. Faucon. Sur des secousses de tremblement de terre 
observées dans le département de la Mayenne, 869.—G. Cotteau. Echi- 
k 2 
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nides jurassiques de Algérie, 1285.—C. Contejean. Boules argileuses 
de Macaluba, 1238.—Gonnard. Sur les macles et groupements réguliers 
de Vorthose du porphyre quartzifére de Four-la-Brouque, prés d’Issoire 
(Puy-de-Déme), 1870.—J. Thoulet. Recherches sur l’élasticité des 
minéraux.et des roches, 1873.—S. Meunier. Sur un gisement de Mam- 
miféres quaternaires aux .environs d’Argenteuil (Seime-et-Oise), 1510. 
—A. Terreil. Composition de l’eau minérale de Montrond (Loire), 1581. 
—S. Meunier. Sur les cordons littoraux des mers géologiques, 1596.— 
Munier-Chalmas et Schlumberger. Nouvelles observations sur le dimor- 
phisme des Foraminiféres, 1598.—A. Gorgeu. Sur la reproduction artifi- 
cielle de la barytine, de la célestine et de l’anhydrite, 1734.—S. Meunier. 
Sur Vorigine et le mode de formation dela bauxite et du fer en grains, 1787. 


Paris. Annales des Mines. Série 8. Tomei. 2° & 3° livr. de 
1882. 1882. 

Grand’Eury. Mémoire sur la formation de la houille, 185.—Sou- 

beiran. Note sur la géologie du bassin houiller de Newcastle, 409.— 


Flory. Note sur le gisement et l’exploitation de lor a la Guyane fran- 
caise, 463. 


—_——_ 


: : Tomei. 4°-6° livr.de 1882. 1882. 

Cumenge. Etude sur les gisements de charbon et de bitume de la 
Trinidad, 137.—E. Fuchs et I. Saladin. Mémoire sur l’exploration des 
vites de combustibles et de quelques-uns des gites métalliféres de l’Indo- 
Chine, 187.—R. Zeiller. Examen de la flore fossile des couches de char- 
bon du Tong-King, 299. 


—. Annales des Sciences Géologiques. Tome xiv. No. 1. 
1882. Presented by M. E. Hébert. 
A. T. de Rochebrune. Monovraphie des espéces fossiles appartenant a 
la classe des Polyplaxiphores, No. 1.—P.Broechi. Note sur les Crustacés 
fossiles des terrains tertiaires de la Hongrie, No. 2. 


ee Sey ee ne preased 


——. Annales des Sciences Naturelles. Série 6. Zoologie et Palé- 
ontologie. Tome xiii. No.1. 1882. Purchased. 


Purchased. 


——, ——. Tome xiv. Nos. 1=633gbecu 


——. Association Francaise pour lVAvancement des Sciences. 
Compte-rendu de la 10° Session. Alger, 1831. 1882. Pur- 
chased. 

L.-G. de Koninck. Notice sur un échinoide gigantesque du calcaire 
carbonifére de Belgique, 514.—C. Barrois. Sur le calcaire carbonifére du 
nord de l’Espagne, 516.—F. Pommerol. Recherches sur le mouflon qua- 
ternaire (Ovis antigua), 525.—J. Szabo. Etude pétrographique et géolo- 
eique du terrain trachytique de Tokay dans le nord-est de la Hongrie, 582. 
—Fuchs. Sur les gites de fer et de cuivre gris de la petite Kabylie, 567. 
—Janssen. Sur l’origine probable de la saiure des mers, 567.—A. Bois- 
sellier. Note sur les assises inférieures du cénomanien a l’embouchure de 
la Charente, 568.—E. Riviére. Grotte Lympia, 575.—Collot. Anthra- 
cotherium des Lignites de Volx (Basses-Alpes), 582.—Collot. Grés & Helin 
de Guyotville, prés Alger, et d’ Aix en Provence, 583.—Bleicher. Recher- 
ches sur le lias supérieur et l’oolithe inférieure de la province d’Oran, 584, 
—P. Thomas. Recherches sur les Bovidés fossiles de l’Algérie, 698, 
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Paris. Journal de Conchyliologie. 3° Série. Tome xxii. Nos. 2-4. 
1882. Purchased. 

M. Cossmann. Description d’espéces nouvelles du Bassin Parisien, 114, 
279.—L. Morlet. Deuxiéme Supplément a la Monographie du genre 
Ringicula, Deshayes, 200.—Cossmann. Citation d’espéces déja décrites 
dans de nouveaux gisements du Bassin Parisien, 293. 


——. Muséum d’Histoire Naturelle. Nouvelles Archives. Série 2. 
Tomeiv. 1882. 


—. ——. —. Tomeyv. 1882. 
——. Revue Scientifique. Tome xxix. No. 25. 1882. 


: Tome xxx. Nos. 1-27. 1882. 

Dieulafait. Origine et mode de formation des eaux minérales salines, 
33.—C. Remy. L’Islande, 485.—G. Cotteau. Travaux de la section de 
Géologie de la Association frangaise pour lA vancement des Sciences, Ses- 
sion de la Rochelle, 523.—A. de Rochas d’Aiglun. Origine des eaux 
minérales, d’aprés un livre du xvii. siécle, par Henry de Rochas, escuyer, 
sieur d’ Aiglun, 593. 


: ot Pome xo No, 1. SSS. 
G. Rolland. La région de Ouargla, 5. 


—. ——. ——. No.4. 1883. 


‘ : Nos. 6-24. 1883. 

Thoulet. Les progrés récents de la minéralogie, 297.—E. Fuchs. Une 
mission en Indo-Chine, 482.—Dieulafait. L’origine et la formation des 
minerais métalliféres, 609.—Millot. Le Tonkin, 674.—J. L. Wortman. 
L’origine du cheval, 705.—Contejean. Une excursion au Macaluba de 
Girgente [Sicile], 720. 


———. Société Géologique de France. Bulletin. Série 3. Tome vi. 
fied) Nov it. 1832... 

A. Michel-Lévy. Apercu général sur la constitution du Morvan, 758. 
—C, Vélain. Résumé au sujet des terrains stratifiés et des failles qui en- 
veloppent le Morvan, 766.—Collenot. Description sommaire des ter- 
rains sédimentaires de l’Auxois, 781.—C. Vélain. Excursion aux envi- 
rons de Semur, 805.—Collenot. Débris de transport sur les pentes du 
Morvan, 820.—Collenot. Compte-rendu de l’excursion au Gros-Mont, 
836.—A. Michel-Lévy. Compte-rendu de la course du 19 aout, d’Aval- 
lon a Chastellux, 844.—A. Michel-Lévy. Compte-rendu de la course du 
20 aott, de Semur a Saulieu, par la Motte-Ternant, 848.—A. Michel-Lévy. 
Compte-rendu de la course du 21 aott 4 Alligny, Goie, Pensiéres, 871.— 
A. Michel-Lévy. Note sur les porphyrites micacées du Morvan, 873.—C. 
Vélain. Compte-rendu de l’excursion du mardi 19 aout, a Avallon, 883.— 
C. Vélain. Compte-rendu de l’excursion du mercredi 20 aott, de Précy- 
sous-Thil 4 la Motte-Ternand ; environs de Saulieu ; visite aux Gravelles, 
890.—C. Vélain. Compte-rendu de l’excursion du 21 aott au plateau de 
Pensiéres, 899.—A. Michel-Lévy. Note sur les lambeaux de lias sur- 
élevés du Morvan et sur les soulévements successifs de cette région, 901. 
—A. Michel-Lévy. Compte-rendu de la course du 23 aott, traversée est- 
ouest du Morvan, 906.—C. Velain. Compte-rendu de la course du 23 
aout, lescente de Lormes 4 Corbigny, 909.—A. Michel-Lévy. Note sur 
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le terrain houiller des environs de Montreuillon, le long de la bordure oc- 
cidentale du Morvan, 914. —C. Vélain. Compte- -rendu de la course du 23 
aout (suite); environs de Corbigny ; Coup de la Tranchée du Battoy ; 
Lambeaux tertiaires a la Garenne, 920.—T. Delafond. Compte-rendu de 
Vexcursion 4 Vaudenesse et & Saint-Honoré, 929.—T. Delafond. Obser- 
vations sur le terrain tertiaire supérieur de Sadne-et-Loire et des départe- 
ments voisins, 930.—A. Michel-Lévy. Compte-rendu de la course du 
25 aott, 937. 


Paris. Socicté Géologique de France. Bulletin. Série 3. Tome viii. 
(1880). No.7. 1882: 

J. Gosselet. Considérations générales sur les divisions et la disposition 
du terrain Devonien dans le nord de la France et en particulier dans le. 
Boulonnais, 491.—R. Zeiller. Note sur les empreintes végétales des grés 
devoniens de Caffiers, 501.—J. Grosselet. Sur la structure générale du 
bassin houiller franco-belge, 505.—H. EH. Sauvage et E. Rigaux. Sur les 
couches comprises entre le Carbonifére et le terrain Bathonien, 512.—F. 
L. Cornet. Sur les dépdts dits Aachéniens du Hainaut et le gisement des 
Iguanodons de Bernissart, 514.—H. G. Seeley. Note sur Vextrémité dis- 
tale d’un fémur de Dinosaurien provenant du Portlandien supérieur de la 
Poterie, prés de Boulogne, 520.—H. E. Sauvage. Sur les Dinosauriens 
jurassiques, 522.—H. E. Sauvage. Synopsis des poissons et des reptiles 
des terrains jurassiques de Boulogne-sur-Mer, 524.—J. Prestwich. Note 
et observations théoriques sur la plage soulevée de Sangatte, 547.—C. 
Barrois. Sur les formations quaternaire et actuelle des cdtes du Boulon- 
nais, 552. athonien du Bou- 
lonnais et études sur sa constitution, 557.—E. Pellat. Compte-rendu de 
Vexcursion du 13 septembre au Mont des Boucards, 574.—EH. Pellat. 
Compte-rendu de l’excursion du 14 See aite a Samer, 579.—A. Briart. 
Sur la stratification entrecroisée.—H. E. Sauvage. Le terrain quaternaire 
du Boulonnais, 591.—A. de Lapparent. Compte- -rendu de l’excursion du 
15 septembre au Blanc-Nez, 607.—H. Pellat. Compte-rendu de l’excur- 
sion du 16 septembre entre Wimereux et Boulogne, 609.—T. Rupert Jones. 
Sur le calcaire & Cypris du Boulonnais, 615.—H. Rigaux. Synopsis des 
Echinides jurassiques du Boulonnais, 620.—E. Pellat. Compte-rendu de 
Vexcursion du 17 septembre au Mont Lambert, 634.—E. Pellat. Compte- 
rendu de l’excursion du 18 septembre a Ecaux, 637.—J. F. Blake. Note 
sur lige du grés de Chatillon, 640.—E. Pellat, Sur V’A age des grés de la 
falaise de Chatillon, 643. —Douville. _Compte-rendu de Vexcursion & 
Chatillon, 646.—E. Pellat. Le terrain jurassique moyen et supérieur du 
Bas-Boulonnais, 647. 


Tome x. (1882). Nos. 1-6. 1882. 


E. Hébert. “Analy se sommaire d’un ouvrage de M. Leymerie intitulé: 
‘ Description eéologique et paléontologique des Pyrénées de la Haute- 
Garonne,’ 6.—L. Carez. Présentation des ‘ Etudes des terrains crétacés et 
tertiaires du Nord de l’Espagne,’ 16.—E. Hébert. Un mot sur le Congrés 
eéologique international de Bologne, 21.—T. Sterry-Hunt. Sur les terrains 
éozoiques ou précambriens, 26.—G. Rolland. Sur les grandes dunes de 
sable du Sahara, 30.—G. Cotteau. Note sur les Hemicidaris du terrain 
jurassique, 48.—Calderon. Sur le véritable prolongement des Andes 
dans l’ Amérique centrale, 53.—P. Lebesconte. Sur la classification des 
assises siluriennes de I’[]le-ct-Vilaine et des départements voisins, 55.—P. 
Lebesconte. De V’apport par lamer, sur les plages Bretonnes, de roches et 
fossiles du Calcaire Grossier et du Crétacé, 68.—Tardy. Caleaires la- 
custres de la Bresse (aus de Sanciat), 73. Note sur un 
fragment de machoire d’un grand Saurien trouvé 7 A Bedeille (Ariége), 79. — 
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J. Beaudouin. Des terrains entamés par le chemin de fer de Chatillon- 
sur-Seine a Is-sur-Tille (Cote-d’Or). Section comprise entre Chatillon et 
Maisey,87.—Jeanjean. Le Coratlien des Cévennes, 97.—J. Wohlgemuth. 
Note sur l’Oxfordien de Vest du bassin de Paris, 104.—M. Bertrand. 
Failles de la lisiére du Jura, entre Besancon et Salins, 114.—L. Gruner. 
Note sur le trou de sond de Moutrond dans le Forez, 127.—E. Arnaud. 
Note sur les Poissons fossiles du crétacé inférieur des environs d’Apt 
(Vaucluse), 131.—Gorceix. Sur les gites diamantiféres du centre de 
la province de Minas-Geraes (Brésil), 134.—A. Daubrée. Essai d’une 
classification des cassures de divers ordres, que présente l’écorce terrestre, 
136.—L. Charpy et de Tribolet. Note sur la présence du terrain crétacé 
moyen et supérieur & Censeaux (Sadne-et-Loire), 147. — Toucas. 
Synchronisme des étages turonien, senonien et danien dans le nord et dans 
le midi de l’Europe, 154.—Tournouér. ‘Sur une nouvelle espéce de 
coquille des marnes de Gaas (étage tongrien) voisine des 7rzdacna, 224.— 
Labat. Origine des eaux thermales et minérales de Pesth (Hongrie), 
229.—A. Gaudry. Sur de nouvelles pieces que M. G. Planté a recueillies 
dans les argiles ligniteuses du Bas-Meudon, 237. — Péroche. Sur 
Vétat glaciaire, 239.—Bertrand. Sur les terrains bressans, 256.—-J. 
Cornuel. Note sur les cones de Pinus elongata découverts 4 Saint-Dizier 
(Haute-Marne) et sur des cénes de Cédre du sable vert de la Houpette 
(Meuse), 252.—Labat. Sur les mines de sel gemme et les eaux salées 
du pays de Salzburg, 265.—Choffat. Note préliminaire sur les vallées 
tiphoniques et les éruptions d’ophite et de teschénite en Portuga!, 267.— 
J. Mac-Pherson. Résumé d'une description des roches mentionnées dans 
la notice précédente, 289.—H. Douvillé. Sur le gisement quaternaire de 
Montreuil, 295.—Parran. Texte explicatif de la carte géologique pro- 


visoire au uy du département de Constantine, par M. Tissot, 299.—A. 


de Lapparent. Notice nécrologique sur M. A. Delesse, 306.—Lemoine. 
Sur l’encéphale de l’ Arctocyon Duedu et du Pleuraspidotherum Aumoner?, 
mammiféres de l’Eocéne inférieur des environs de Reims, 328.—L. Collot. 
Histoire quaternaire et moderne de l’étang de Berre (cdtes de la Méditer- 
ranée), 535.—A. Daubrée. Note sur la publication de la carte géologique 
de l'Europe, 340.—G. Cotteau. Note sur les Echinides de l’étage seno- 
nien de |’ Algérie, 8341.—Bleicher. Carbonifére marin en Alsace, 346. 
—Bleicher. Oolithe inférieure et grande Oolithe de Meurthe-et-Moselle, 
346.—D. Céhlert. Sur le Silurien du Nord-Est du département de la 
Mayenne, 349.—D. (Ehlert. Crinoides nouveaux du devonien de la Sarthe 
et de la Mayenne, 352.—E. Hébert. Sur le groupe nummulitique du midi 
de la France, 364.—Virlet d’Aoust. Observations sur l'Ophite des Py- 
rénées et le métamorphisme normal, 392.— Jannettaz. Sur Ja Para- 
gonite schistofibreuse de Changé (Mayenne), 396.—Parandier. Pro- 
drome de géologie utilitaire, 400.—L. Carez. Remarques sur la classifi- 
cation du terrain crétacé supérieur en Espagne, 403.—Torcapel. Le 
plateau des Coirons (Ardéche) et ses alluvions sous-basaltiques, 406.— 
H. Trautschold. Protestation au sujet de la nomenclature paléontologique 
nationale, 421.—Munier-Chalmas. Caractéres des Miliolidea, 424.— 
Munier-Chalmas. Sur le genre Barroisia, 425.—Cornuel. Observations 
au sujet d’une communication antérieure de M. Pouech, 425.—J. Lam- 
bert. Note sur les différentes assises qui composent la Craie du départe- 
ment de l’Yonne, 427.—Du Laevivier. Note sur le devonien et le trias 
du département de l’Ariége, 454.—Lundgren. Note sur le systéme cré- 
tacé de la Suéde, 456.—Pouech. Explication de deux coupes géolo- 
giques prises dans les environs de Foix, 462.—Tardy. Quelques mots 
sur la Bresse, 467.—Munier-Chalmas. Des genres Renulites, Braeckina, 
470.—Munier-Chalmas. Du genre Lacazina, 471.—Munier-Chalmas. 
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Etudes critiques sur les Rudistes, 472.—Munier-Chalmas. Etudes 
critiques sur les Rudistes, 482.—Munier-Chalmas. Revue critique de 
quelques espéces du genre Z'rrgonia, 494.—Bleicher et Mieg. Note 
sur le Carbonifére marin de la Haute-Alsace et ses relations avec le Culm, 
504, 


Paris. Société Géologique de France. Bulletin. Série3. Tome xi. 
(1883). Nos. 1-3. 1883. 

R. Zeiller. Présentation d’une note sur quelques cuticules fossiles, 6.— 
G. Cotteau. Note sur les Pseudodiadema du terrain jurassique, 8.—O, 
Terquem. Observations sur une communication de M. Munier-Chalmas, 
13.—Lory. Sur le double pli des Alpes de Glaris, 14.—Berthelin. 
Sur ouverture de la Placentula Purtschiana, D’Orb. sp., 17.—J. Cornuel. 
Nouvelle note sur des Pycnodontes portlandiens et néocomiens de l’est du 
bassin de Paris, et sur des dents binaires de plusieurs d’entre eux, 18.— 
G. Mortillet. Le calcaire de Nizniow et ses fossiles, 28.—E. Hébert. Sur 
le groupement des couches les plus anciennes de la série stratigraphique, a 
Voccasion du projet de carte géologique internationale de l'Europe, 30.— 
Jannettaz. Etude de longrain et de la schistosité dans les roches, 35.— 
QO. Terquem. Sur un nouveau genre de Foraminiféres du Fuller’s-earth 
de la Moselle, 37.—O. Terquem. Note sur la communication de M. Ber- 
thelin, 39.— Pommerol. La place du gisement de Sarliéve dans la 
chronologie quaternaire, 43.—H. Fuchs. Station préhistorique de Som- 
Ron-Sen, au Cambodge, et considérations sur l’age de cette station, 46.— 
H. H. Reusch. Note sur la Géologie de la Corse, 53.—A. Torcapel. Sur 
V’Urgonien du Languedoc, 72.—G. de Saporta. Sur la formation de la 
houille d’aprés un mémoire de Grand’Eury, 77.—G. Fabre. Superposition 
anormale du Trias sur le Lias dans les Cévennes, 93.—L. Carez. Obser- 
vations sur la note de M. Torcapel sur l’Urgonien du Languedoc, 96.—L. 
Carez. Sur l’Aptien et le Gault dans les départements du Gard et de 
V Ardéche, 100.—F. Fontannes. Note sur l’Extension et la Faune de la 
mer pliocéne dans le Sud-Est de la France, 103.—C. Brongniart. Sur un 
nouvel insecte fossile des terrains carboniféres de Commentry (Allier) et 
sur la faune entomologique du terrain houiller, 142.—A. Daubrée. Pré- 
sentation d’un mémoire de M. Tchihatchef sur les déserts de Asie et 
VAfrique, 151.—A. Gaudry. Note sur l’ouvrage de M. le Marquis de 
Saporta intitulé: A propos des algues fossiles, 156.—G. de Saporta, Note 
explicative. Sur les conclusions de son mémoire relatif aux aleues 
fossiles, 159.—L. Carez. Observations sur la classification des couches 
tertiaires des environs de Cassel (Nord), 162.—Bertrand. Le Jurassique 
supérieur et ses niveaux coralliens entre Gray et Saint-Claude, 164.— 
E. Renevier. Classification pétrogénique, ou groupement des roches 
d’aprés leur mode de formation, 191.—J S. Gardner. Observation sur 
la formation éocéne de l Angleterre, 195. 


: Mémoires. Série 3. Tomei. Nos. 3 & 4. 1882. 

Terquem. Les foraminiféres de l’Eocéne des environs de Paris, No. 3. 
—H. I. Sauvage. Recherches sur les Reptiles trouvés dans le Gault de 
Vest du bassin de Paris, No 4. 


Penzance. Royal Geological Society of Cornwall. Catalogue of 
the Library, compiled by William Ambrose Taylor. 8vo. 
Plymouth, 1882. 


Philadelphia. Academy of Natural Sciences. Proceedings of the 
Mineralogical and Geological Section. No. 2(1880-81). 1882 
Hi, C. Lewis. Pseudomorphs of Serpentine after Dolomite, 3—H. C’ 
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Lewis. Ona New Ore of Antimony, 5.—H. C. Lewis. On a Fault in 
the Trias near Yardleyville, Pa., 7—T. D. Rand. Notes on the Geology 
of Radnor and Vicinity, 9.—A. E. Foote. On the Stalactites of Luray 
Cave, 15.—A. E. Foote. A new Locality for Sphene, 16.—H. C. Lewis. 
On two new Localities of Columbite, 18.—H. C. Lewis. On the Occur- 
rence of Fahlunite near Philadelphia, 18.—A. Meyer. On the Fossil Ores 
of Lycoming County, 19.—H. C. Lewis. Ona Mineral resembling Dop- 
plerite from a Peat-bed at Scranton, Pa., 19.—H. A. Keller. Titaniferous 
Garnet, 21.—E. 8S. Reinhold. Pyrophyllite and Alunogen in Coal-mines, 
22.—H. C. Lewis. Note on Aquacreptite, 23.—R. B. Warder. Some 
Ochreous Deposits of Kentucky and Indiana, 24.—E. 8. Reinhold. On 
Diorite, 26.—T. D. Rand. Notes on the Geology of Lower Merion and 
Vicinity, 28. 


Philadelphia. American Philosophical Society. Proceedings. Vol. xx. 
Wes. 110.4 LT, 1882. 

J.S. Newberry. On the Origin and Drainage of the Basins of the 
Great Lakes, 91.—J. J. Stevenson. Note on the Laramie Group in the 
vicinity of Raton, New Mexico, 107.—H.C. Lewis. Ona New Substance 
resembling Dopplerite from a Peat-bog at Scranton, 112.—E. K. Price. 
Rockery at the University of Pennsylvania, built in 1881, 119.—E. D. 
Cope. Contributions to the History of the Vertebrata of the Lower Ho- 
cene of Wyoming and New Mexico, made during 1881, 159.—H. F. 
Smith and N. W. Thomas. Corundum and Wavellite, 230. 


Photographic Society of Great Britain. J ournal and Transactions. 
New + Volaw. No.9) 11882. 


ee | Vol. vii. Nos. ls. 2882-83. 


Physical Society of London. Proceedings. Vol. v. Parts 1-3. 
1882-83. 


Pisa. Societa Toscana diScienze Naturali. Atti. Processi verbali. 
Vol. ii. pp. 93-172. 1882. 

B. Lotti. Serie stratigrafica dei monti Pisani fra il lias superiore e 
V eocene, 94.—A. d’ Achiardi. Su dialcuni minerali toscani con segni di 
poliedria, 103.—D. Zaccagna. Sui terreni secondari di Monsummano e 
Montecatini in Val di Nievole, 107.—G. Meneghini. Fossili di Monsum- 
mano e del monte delle Panteraie presso Montecatini in Val di Nievole, 
11i.—Forsyth Major. L’ origine della fauna delle nostre isole, 113.—A. 
d’ Achiardi e A. Funaro. Il Gabbro rosso, 142.—G. Grattarola. Sulla 
composizione chimica di un berillo dell’ Elba, 144, 157.—G. Grattarola. 
Analisi del cosidetto ‘ Caolino”’ dell’ Elba, 155.—G. Meneghini. Fauna 
Cambriana dell’ Iglesiente in Sardegna, 158.—V. Simonelli. Fossili del 
lias inferiore di Campiglia Marittima, 166. 


, : Memorie. Vol. v. Fase. 2. 1883. 
C. F. Parona e M. Canavari. Brachiopodi oolitici di alcune localita 
dell’ Italia settentrionale, 331. 


Plymouth. Devonshire Association for the Advancement of Science, 
Literature, and Art. Report and Transactions. Vol. xiv. 
1882. 


W. Pengelly. Notes on Notices of the Geology and Paleontology of 
Devonshire, Part ix., 637, 
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lymouth Institution. Annual Report and Transactions. Vol. vii. 
ary If) 1882. 


Puy. Société d’Agriculture, Sciences, Arts et Commerce. Annales. 
Tome xxxili. 1876-77 
G. de Saporta. Hssai descriptif sur les plantes fossiles des arkoses de 
Brives, prés le Puy-en-Velay, 309. 


Ray Society. A Monograph of the British Phytophagous Hymeno- 
ptera, by Peter Cameron. Vol.i. 8vo. 1882. 


——. A Monograph of the British Spongiade, by the late J. S. 
Bowerbank. Edited, with additions, by the Rev. A. M. Nor- 
man. Vol. iv.) Svo. , 1862: 


Rio de Janeiro. Museu Nacional. Archivos. Vol. iv. (1879). 
1881. 


O. A. Derby. Contribuicio para o estudo da Geologia do valle do rio 
de S. Francisco, 87.—O. A. Derby. Observacées sobre aleumas rochas 
diamanutiferas da provincia de Minas Geraes, 121. 


etna yeas tay to Soe TP aivil ye PRBONE La BON 


Rome. Reale Accademia dei Lincei. Atti. Serie 3. Memorie. 
Vol. ix. (1850-81). 1881. 
G. Ponzi. I tufi vulcanici della Tuscia romana, loro origine, diffusione 
ed eta, 17. . 


. Vol. x. (1880-81). 1881. 

A. Cossa. ‘Sopra la composizione di alcune rocce della Valtellina, 1065. 
—G.'Terrigi. Le formazioni vulcaniche del bacino Romano considerate 
nelle loro fisica constituzione e giacitura, 589. 


14 (1881-82). 1882. 


Terrigi. Swila fauna microscopica del calcare zancleano di Palo, 253. 


—. ——. 1 ——. ——. ——. Vol. vii. Fase. 1-10 (1882- 
83). 1882-83. 

Capellinie Gemmellaro. Sulla Memoria del prof. De’ Stefani, “ Tejo 
Montalto e Capo Vaticano,” 17.—Gemmellaro e Capellini. Sulla Memo- 
ria del sig. I. Cafici, “ La formazione miocenica nel territorio di Licodea, 
Eubea,” 26.—Ponzi. Sul rinvenimento del cinabro nativo e dell’ argi- 
rosio, fra i minerali di Tolfa, 188. 


Transunti. Vol. vi. Fase. 12— 


. R. Comitato geologico d@’ Italia. Bollettino. Anno xii. 
(1SSi)," Assia. 


B. Lotti e D. Zaccagna. Sezioni geologiche nella regione centrale delle 
Alpi Apuane, 5.—M. Canavari e E. Cortese. Sui terreni secondarii dei 
dintorni di Tivoli, 32.—A. Manzoni. Della miocenicita del macigno e 
dell’ unita dei terreni miocenici del Bolognese, 46.—A. Cossa. Lettera al 
prof. Torquato Taramelli sopra alcune rocce serpentinose dell’ Apennino 
Bobbiese, 58.—B. Lotti. Nota sopra una piega con rovesciamento degli 
strati paleozoici e triassici fra il monte Corchia e la Pania della Croce 
presso Mosceta, 85.—F. Salmoiraghi. Alcuni appunti_geologici sull’ 
Apennino fra Napoli e Foggia, 96, 203.—N. Giorgi. Lungo la valle 
del Metauro (provincia di Pesaro), 114.—A. Corsi. Note di mineralogia 
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Italiana, 125, 564.—A. Cossa ed E. Mattirolo. Sopra alcune rocce del 
periodo silurico nel territovio di Iglesias (Sardegna), 145.—O. Silvestri. 
Pioggia di polvere meteorica osservata a Catania i126 e 27 marzo 1881, 
155.—C. De’ Giorgi. Note stratigrafiche e geologiche da Fasano ad 
Otranto, 187.—A. Cossa. Sulla massa serpentinosa di .Monteferrato 
(Prato), 240.—G. Borneman. Sul Trias nella parte meridionale dell’ isola 
di Sardegna, 267.—C. Capacci. La formazione ofiolitica del Monteferrato 
presso Prato (Toscana), 275.—L. Mazzuoli ed A. Issel. Relazione degli 
studi fatti per un rilievo delle masse ofiolitiche nella riviera di Levante 
(Liguria), 313.—A. Del Prato. Sopra una calcaria a bivalyi nell’ Apen- 
nino Parmense, 349.—B. Lotti. La doppia piega d’ Arnie e la sezione 
trasversale delle Alpi Apuane, 419.—R. Meli. Notizie ed osservazioni 
sui resti organici rinvenuti nei tufi leucitici della provincia di Roma, 428. 
—N. Pellati. Studii sulle formazioni ofiolitiche dell’ Italia, 458.—A. Del 
Prato. Osservazioni sopra un’ argilla scagliosa dell’ Apennino Parmense, 
467.—D. Zaccagna. Una escursione nella regione marmifera del Car- 
rarese, 476.—K. Cortese. Sulla costituzione geologica dell’ Isola di 
Lipari, 501.—E. Forstner. Nota preliminare sulla geologia dell’ Isola 
di Pantellaria secondo gli studii fatti negli anni 1874 e 1881, 525.—L. 
Bucca. Appunti geologici sui monti del Gargano in provincia di Capita- 
nata, 556.—O. Silvestri. Sulla natura chimica di alcune inclusioni 
liquide contenute in cristalli naturali di solfo della Sicilia, 576.— 
O. Silvestri. Sulla presenza della paraffina naturalmente cristallizzata 
nelle geodi di una lava basaltica di Paternd nelle adiacenze dell’ Etna, 
578. 


Rome. R. Comitato geologico d’ Italia. Bollettino. Anno xii. 
(1882). 1883. 

E. Cortese. Sulla formazione dello stretto di Messina, 4.—C. De 
Giorgi. Appunti geologici e idrografici sulla provincia di Salerno, 39, 
187.—B. Lotti. Sulla dissimetria del rilieve delle Alpi Apuane. 55.—B. 
Lotti. Sulla separazione degli schisti triassici da quelli paleozoici nelle 
Alpi Apuane, 82.—B. Meli. Le marne plioceniche del Monte Mario, 91. 
—K. Niccoli. La frana di Castelfrentano nel 1881, 96.—E. Cortese. 
Brevi cenni sulla geologia delle parte N.E. della Sicilia, 105, 161, 308.— 
R. Meli. Sulla zona di fori lasciati dai litodomi pliocenici nella calearia 
giurese di Fara Salina, 149.—B. Lotti. I] nummulitico nella parte media 
dell’ isola d’ Elba, e suoi rapporti colle rocce feldspatiche ed ofiolitiche, 
189.—N. Pellati. I travertini della campagna Romana, 196.—D. Zaccagna. 
I terreni dello Val di Nievole fra Monsummano e Montecatini, 235, 368. 
—R. Meli. Ulteriori notizie ed osservazioni sui resti fossili rinvenuti nei 
tufi vulcanici della provincia di Roma, 260, 358. 


Royal Agricultural Society of England. Journal. Second Series. 
Vol. xvii. Part 2..No. 36. 1882. 


pee og feat oe Vols Kix, Partie One 1 LoRo. 


Royal Asiatic Society of Great Britain and Ireland. Journal. N.S. 
Vol. xiv.. Parts3 & 4. 1882. 


—. -——. ——. Vol. xy. Parts1&2. 1883. 
Royal College of Physicians. List of the Fellows &. 1888. 
Royal College of Surgeons of England. Calendar, 1882. 1882. 
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Royal Geographical Society. Proceedings. Vol. iv. Nos. 7-12. 
1882. 

D. D. Daly. Surveys and Explorations in the Native States of the 
Malayan Peninsula (1875-82), 393.—A. Regel. Journey in Karateghin 
and Darwaz, 412.—P.de Andrada. Journey to Maxinga and the Mazoe 
(1881), 417.—R. F. Burton. The Kong Mountains, 484.—W. D. Cowan. 
Geographical Excursions in South Central Madagascar, 521.—G. F. 
Young. Notes on the Shaktu Valley, Waziristan, 537.—P. de Tchikat- 
chef. The Deserts of Africa and Asia, 628.—E. W. Nelson. <A Sledge 
Journey in the Delta of the Yukon, Northern Alaska, 660.—J. B. Min- 
chin. Notes of a Journey through part of the Andean Table-land of 
Bolivia in 1882, 671.—A. R. Colquhound. Exploration through the 
South-China Border-lands, from the mouth of the Si-Kiang to the banks 
of the Irawadi, 715. 


: Vol. v. Nos.1-6. 1883. 

B. Lovett. Itinerary Notes of Route Surveys in Northern Russia in 
188] and 1882, 57.—R. L. Jack. The Tin-producing District of South- 
east Queensland, 104.—R. B. White. Notes on the Central Provinces of 
Colombia, 249. 


aes Supplementary Papers. Vol. i. Part 1. 1882. 
EK. C. Baber. Travels and Researches in Western China, 1. 


Royal Institution of Great Britain. New Classified Catalogue of 
7 the Library, by B. Vincent. Vol. ii. Including the Additions 
from 1857 to 1882. 1882. 


—. Proceedings. Vol.ix. Part 5. No. 74. 1882. 


——, ——. Vol.x. Part 1. “No. 75. 1883. 

Royal Microscopical Society. Journal. Series 2. Vol. 1. Parts 4— 
6. 1682. 

—. ~«——. ——. Vol. i. Parts1-3. 1885. 


Royal Society. Philosophical Transactions. Vol. clxxiii. Parts 
Ls: 2, | 1382. 

G. H. Darwin. On the Stresses caused in the Interior of the Earth by 
the Weight of Continents and Mountains, 187.—J. W. Dawson. On the 
Results of Recent Explorations of Erect Trees containing Animal Re- 
mains in the Coal Formation of Nova Scotia, 621. 


——. Proceedings. Vol. xxxiy. Nos. 220-223. 1882. 

A. R. Hunt. On the Formation of Ripplemark, 1.—W.C. William- 
son. On the Organization of the Fossil Plants of the Coal-measures, 
Part XIT.,31.—W. R. Browne. On the Causes of Glacier Motion, 208, 
—R. Owen. Notice of Portions of the Skeleton of the Trunk and Limbs 
of the Great Horned Saurian of Australia (Megalania prisca, Ow.), 267. 


—, ——. Vol. xxxy. No. 224. 1883. 


Salem. Peabody Academy of Science. Special Publication.—Primi- 
tive Industry; or Illustrations of the Handiwork, in Stone, 
Bone, and Clay, of the Native Races of the Northern Atlantic 
Seaboard of America. By C.C. Abbott. S8vo. 1881. 


ADDITIONS TO THE LIBRARY. EET 


Sanitary Institute of Great Britain. Transactions. Vol. ui. (1881— 
2), “18e2. 


——. -——. Vol. iv. (1882-83). 1883. 
Scientific Roll. Nos. 8-10. 1882 & 1883. 


St. John’s, N.B. New Brunswick Natural-History Society. Annual 
Report for 1880. 1881. 
G. U. Hay. Memorial Sketch of Prof. C. F. Hartt, 3. 


——. ~——. Bulletin. Nol. 1882, 


—-. No.2. 1883. 
G. F. Matthew. Lacustrine Formation of Torryburn Valley, 3. 


St. Petersburg. Académie Impériale des Sciences. Bulletin. 
Tome xxvii. No.2. £332Z. 


; , - lome aocyn. “Ne... Leto: 

C. E. v. Mercklin. Mikroskopische Untersuchung einer Brae 
vom Saissan-See, 322.—Jakowlew und G. von Helmersen. Zur Geologie 
der Aralo-Kaspischen } Niederung, 564, 


=~, ———  Memoires: “Tome xxx. Nossa & 47 1882; 


: . Nos. 6-11. 1882. 
W. Keprijanoff. Studien iiber die fossilen Reptilien Russlands. II, 
Theil, No. 6. 


Shanghai. North-China Branch of the Royal Asiatic Society. 
Journal, 1882. N.S. Vol. xvi. Partl. 1882. 


Sherborne. Dorset Natural-History and Antiquarian Field-Club. 
Proceedings. Vol. iv. 

S.S. Buckman. The Brachiopoda from the Inferior Oolite of Dorset 
and a portion of Somerset, 1.—T. Wright. On a new species of Ophi- 
urella, 56.—J. Buckman. On a new genus of Bivalve Shells, 102.—S. 
S. Buckman. Some new species of Ammonites, 137. 


Society of Arts. Journal. Vol. xxx. Nos. 1544-1564. 1889. 
The Coal-fields of Nagasaki, 951. 


.° Vol) xxx! Nos. 1565-1595.) - 1883. 

The Tron-ore Fields of Lapland, 92.—Mining and Reduction of Quick- 
silver, 192.—Coal-fields of New Zealand, 342 Seed Production in the 
United States, 646. 


Society of Biblical Archeology. Proceedings. Vol. iv. (1881-82). 
1882. 


Society of Medical Officers of Health. Transactions. Session 
1881-82. Presented by W. Whitaker, Esq., F.GS. 


Stuttgart. Neues J ahrbuch fiir Mineralogie, Geologie und Paliion- 
tologie. Jahrgang 1882. Bandi. Hefte 1-3. 1882. 
F. Maurer. Palaontologische Studien im Gebiet des rheinischen 
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Devon, 1.—A. Ben-Saude. Ueber den Analcim, 41.—F. M. Stapft. Wie 
am Mte. Piottino die Parallelstructur des Gneisses in Schichtung tber- 
geht, 75.—F. Sandberger. Ueber eme Alluvialablagerung im Wernthale 
bei Karlstadt in Unterfranken, 102.—F. Sandberger. Ueber Pseudomor- 
phosen von Hansach und Badenweiler, 107.—A. von Kénen. Ueber Bron- 
teus thysanopeltis, Barr. von Wildungen, 108.—H. F. G. Ulrich. Mineralo- 
gisches aus Australien, 109.—F. M. Stapff. Ueber Veranderungen im 
Abfluss von Seen, 110.—W. Waagen. Ueber Anomia Lawrenciana, De 
Kon., 115M. Neumayr. Ueber den alterthtiimlichen Charakter der 
Tiefseefauna, 123M. Bauer. Beitrage zur Mineralogie II., 182.—Y. 
Uhlig. Ueber einige oberjurassische Foraminiferen mit agelutinirender 
Schale, 152.—H. von Ihermg. Ueber Schichtenbildung durch Ameisen, 
156.—F. Sandberger. Mineralogisches von der Bergstrasse, 157,—M. 
Bauer. Ueber natronhaltige Asbeste, 158.—M. Bauer. Chemische Zusam- 
mensetzung des Metaxit von Reichenstein, 161.—H. Gylling. Ueber mikro- 
skopische Verwachsung von Rutil und EHisenglanz, 163.—G. Steinmann. 
Ueber Jura und Kreide in den Anden, 166.—A. Stelzner. Zinnspinell- 
haltige Fayalitschlacken der Freiberger Huttenwerke, 170.—E. Cohen. 
Sammlung von Mikrophotographien zur Veranschaulichung der mikro- 
skopischen Structur von Mineralien und Gesteinen, 176.—E.Cohen. Ueber 
einige Gesteine yon den Canalinseln, 179.—F. Svenonius. Geologisches 
aus dem nordlichen Schweden, 181.—A. Streng. Beitrag zur Kenntniss 
des Magnetkieses, 183—M. Websky. Ueber das Vorkommen yon 
Phenakit in der Schweiz, 207.—G. Steinmann. Die Gruppe der Trigonie 
pseudoquadrate,219.—A.Stelzner. Vorliufige Mittheilungen tiber Meli- 
lithbasalte, 229.—E. Kalkowsky. Hinige Beobachtungen im sachsischen 
Granulitgebirge, 231.—G. Vom Rath. Ueber eine Schwefelwasserstoff- 
Exhalation im Meere unfern Mesolungi, 233.—K. Martin. Erklarung, 
236.— Gerhard. Notiz tiber den Marmor von Saillon bei Saxon im 
Rhonethal, 241. 


Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Paliion- 
tologie. Jahrgang 1882. Bandi. Hefte’l-3. 1882. 

H. Rosenbusch. Ueber das Wesen der kornigen und porphyrischen 
Structur bei Massengesteinen, 1—O. Migge. Krystallographische 
Notizen, 18.—G. Steinmann. Line verbesserte Steinschneidemaschine, 
46.—G. Werner. Ueber das Axensystem der drei- und sechseliedrigen 
Krystalle, 55.—C. Klein. Ueber Kryolith, Pachnolithe und Thomseno- 
lith, 89.—H. Fischer. Ueber Zinnerze, Aventuringlas und griinen Aven- 
turinquarz aus Asien, sowie tiber Krokydolithquarz aus Griechenland, 
90.—J. Macpherson. Ueber das Vorkommen des Aérinit.—C. Barrois. 
Bemerkungen zu Meugy’s “Sur le terrain crétacé des Ardennes,” 98.— 
E. Rockstroh. Erdbeben in Guatemala 1881 und bis 2 Marz 1882, 
99.—Eck. Discordante Auflagerung des Buntsandstein auf Rothlie- 
gendem im Schwarzwald, 100.—A. Leppla. Der Remigiusberg bei 
Cusel, 101.—G. Steinmann. Pharetronen-Studien, 189.—F. Sand- 
berger. Ueber Rutil in Phlogopit, Asterismus des letzteren, Hya- 
cinth in Quarz-Chromelimmerschiefer und Cookeit, 192.— EH. Cohen. 
Sammlung von Mikrophotographien zur Veranschaulichung der mikro- 
skopischen Structur von Mineralien und Gesteinen, 193, 285.—H. 
Fischer. Ueber siamesiche Mineralien, 195.—P. Mann. Ueber Rutil 
als Produkt der Zersetzung von Titanit, 200.—G. H. Williams. Glau- 
cophangesteine aus Nord-Italien, 201.—K. A. Zittel. Notizen uber 
fossile Spongien, 203.—F. E. Miiller. Die Contacterscheinungen an dem 
Granite des Hermbergs bei Weitisberga, 205.—A. Weisbach. Mineralo- 
gische Notizen, I., 249.—C. O. Trechmann. Ueber einige Beobachtungen 
am Epistilbit, 260.—P. Jannasch. Ueber Heulandit und Epistilbit, 269, 
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—C. Klein. Ueber eine Sammlung von Dimnschliffen aus optisch ano- 
malen Krystallen des reguliren Systems, 281.—G. Seligmann. Ueber 
Anatas aus dem Binnenthal, 281.—A. Pichler. Beitrage zur Geognosie 
Tirols, 283.—A. Andreae. Notiz iiber das Tertiar im Elsass, 287. 


Stuttgart. Neues Jahrbuch fiir Mineralogie, Geologie und Palion- 
tologie. Beilage-Bandi. Heft 3. 1882. 

G. Junghann. Studien tiber die Geometrie der Krystalle, 327.—K. 

Reyer. Die Eruptivmassen des stidlichen Adamello, 419. K. Obbeke. 

Beitrige zur Petrographie der Philippinen und der Palau-Inseln, 451.— 


: Beilage-Band 1. Hefte 1&2. 1882. 

T. Harada. Das Luganer Eruptivgebiet, 1—M. Bauer. Beitrage zur 
Mineralogie, 49.—A. von Groddeck. Zur Kenntniss einiger Sericitgesteine 
welche neben und in Erzlagerstatten auftreten. Ein Beitrag zur Lehre 
von den Lagerstatten der Erze, 72.—H. Sommerlad. Ueber Hornblend- 
fiihrende Basaltgesteine, 159.—R. D. M. Verbeek und R. Fennema. Neue 
geolozische Entdeckungen auf Java, 186.—H. Fischer. Ueber die mine- 
ralogisch-archaologischen Beziehungen zwischen Asien, Europa und 
Amerika, 199.—A. Kenngott. Ueber die Fahlerzformel, 228.—F. Klocke. 
Ueber einige optische Eigenschaften optisch anomaler Krystalle und deren 
Nachahmung durch gespannte und gepresste Colloide, 249.—G. Seligmann. 
Ueber Anatas aus dem Binnenthal, 269.—Weiss. Beobachtungen an 
Calamiten und Calamarien, 272. 


—. Verein fir vaterlindische Naturkunde in Wiirttemberg. 
Jahreshefte. Jahrgang 38. 1882. 

Probst. _ Das fossile Murmelthier und der Halsband-Lemming 
Oberschwabens, 51.— Engel. Ueber die sogenannte “ jurassische 
Nagelfluhe” auf der Ulmer Alb, 56.—Leuze. Beitrag zur Kennt- 
niss des Vorkommens yon Kalkspath in Wiirttemberg, 91. — Probst. 
Beitrige zur Kenntniss der fossilen Fische aus der Molasse von Bal- 
tringen: Fossile Reste von Storen und einigen anderen Fischen, 116.— 
F. A Quenstedt.— Bdellodus bollensis aus dem Posidonienschiefer bei Boll, 
137. 


. : . dahrgang 39. 1883. 

A. Schmidt. Prof. Dr. G. Werner’s Spiegeldreikant, 86.— Nies. 
Ueber die verkieselten Baumstémme aus dem wurttembergischen Keuper 
und tuber den Verkieselungsprocess, 98.—O. Fraas. Die Bohrmuscheln am 
Eselsberg bei Ulm, 106.—G. Peine. Untersuchung des Wassers der 
Stuttgarter Wasserversorgung, 128.—G. Wundt. Ueber die Vertretung 
der Zone des Ammonites transversarius im schwabischen weissen Jura, 
148.—J. Probst. Beschreibung der fossilen Pflanzenreste aus der Molasse 
von Heggbach, O. A. Biberach und einigen andern oberschwabischen 
Localitaten, 166.—E. Klemm. Ueber alte und neue Ramispongien und 
andere verwandte Schwammformen aus der Geislinger Gegend, 243. 


a eee 


Swansea. South-Wales Institute of Engineers. Proceedings. 
Vol. xin, Nos. 1-3. 1882. 


Sydney. Linnean Society of New South Wales. Proceedings. 
Vol. vi. Part 4. 1882. 


‘ , 2° Vely vitu: Parts. 1-3) “1889-838. 
J. E. Tenison-Woods. On various Deposits of Fossil Plants in Queens- 
land, 95.—J. E.,Tenison-Woods. On a Coal Plant from Queensland, 
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342.—J. E. Tenison-Woods. Physical Structure and Geology of Aus- 
tralia, 371. 


Sydney. Royal Society of New South Wales. Journal and Proceed- 
mes, (88h. ,Vol. xv. 1832. 
W. E. Abbott. Notes of a Journey on the Darling, 41. 


___._ The ‘ Victorian Review.’ No. 36. October 1882. 
G. S. Griffiths. How our Rocks grew Golden, 678. 


Tokio. Seismological Society of Japan. ‘Transactions. Vol. 1. 
Parts 1 & 2. 1880. 
J. Milne. Seismic Science in Japan, 3.—J. Milne. The Earthquake 
in Japan of February 22nd, 1880, 1 (Part 2). 


: ‘ Vol: 1830, ‘ 
J. Milne. Notes on the recent Earthquakes of Yedo Plain, and their 


effects on certain Buildings, 1—J. Milne. The Peruvian Harthquake of 
May 9th, 1877, 50. 


—_— 


: N Vol. ii. 1881. 

J. Milne. Experiments in Observational Seismology, 12.—J. Milne. 
Notes on the Great Earthquakes of Japan, 65.—E. Knipping. Observa- 
tion of the nature (Modalitit) of the Earthquake of July 25, 1880, by 
means of Dr. G. Wagener’s Seismometer, 107.—J. A. Ewing. On the 
Observation of an Earthquake at three or more Stations, to determine Speed 
and Direction of Transit, 111—J. A. Ewing. On the Records of three 
recent Earthquakes, 115.—J. A. Ewing. The Earthquake of March 8th, 
1881, 121.—J. Milne. Notes on the Horizontal and Vertical Motion of 
the Earthquake of March 8th, 1881, 129.—H. S. Palmer. A Note on 
Earth Vibrations, 148.—M. Kuwabara. The Hot Springs of Atami, 
hol. 


—_———_ 


: » Nol. tye 1882. 

J. Milne. The Distribution of Seismic Activity of Japan, 1—W. 
Tsunashiro. Notes on Fujiyama, 31.—E. Abetta y Casariego. The Harth- 
quakes of Nueva Vizcaya (Philippine Islands), 58.—J. Milne. Utilization 
of the Earth’s Internal Heat, 61.—A. Ewing. Note on the Harthquake 
of March 11th, 1882, 73.—P. Doyle. Note on an Indian Harthquake, 78. 
—J. Milne. Suggestions for the Systematic Observation of Harth- 
quakes, 89. 


————— 


; Vol. v. (1882). 1883. All presented by 
Prof. J. Milne, F.GS. 

E. Abella y Casariego. Monografia Geologica del Volcan de Albay 6 
El Mayon, 19.—J. Centeno y Garcia. Abstract of a Memoir on the 
Earthquakes in the Island of Luzon in 1880, 45.—T. Dan. Notes on the 
Earthquake at Atami, in the Province of Idzu, on September 29, 
1882, 95. 


——— 


ete . Earthquake Observation Book. Oblong. Presented 
by Prof. John Milne, F.GS. 


——. University of Tokio. Memoirs of the Science Department. 
No. 4. 2541 (1881). . Presented by Prof. John Morris, M.A., 


EGS: 
D. Brauns. Geology of the Environs of Tokio, No. 4, 
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Tokio. University of Tokio. Memoirs of the Science Department. 
No. 7. 2541 (1881). 


Toronto. Canadian Institute. Proceedings. Vol.i. Nos. 2&3, 
1882-83. 
W. H. Merritt. The Magnetic Iron Ores of Victoria County, 261. 


——. Toronto Mechanics’ Institute. Fifty-first Annual Report. 
1882. 


Toulouse. Société d'Histoire Naturelle. Bulletin. 15° Année 
Csstyy (183k. 

F. Regnault. La grotte de Massat a l’époque du Renne, 101.—De 
Rey-Pailhade. Note sur une analyse de l’épidote de Quenast, 122.— 
Trutat. La forét de Cédres de Teniet-el-Haad et les alluvions de la 
plaine du Chélif (Algerie), 209.—F. Regnault. Compte-rendu d’une 
excursion faite par la Société dans le département de l’Aude, 223. 


Truro. Royal Institution of Cornwall. Journal. Vol. vu. Part 3. 
1882. Presented by Dr. C. Le Neve Foster, F.GS. 
R. Pearce, jun. Note on the Silver Deposits at Butte, Montana Ter- 
ritory, 210. 


Turin. Reale Accademia delle Scienze. Atti. Vol. xvii. Disp. 5-7. 
1882. 

M. Zecchini. Sulla magnetite compatta de’ Cogne, Valle d’ Aosta, 536. 
—KE. Mattirolo. Sulla tormalina nera nello scisto cloritico di Monastero 
di Lanzo, Valle del Tesso, 649.—G. Spezia. Cenni geognostici e mine- 
ralogici sul gneiss di Beura, 655.—G. Spezia. Sul berillo di Craveggia, 
769.—F. Virgilio. Le Marmite dei Giganti del Ponte del Roc, Lanzo, 
775. 


: : . Vol. xvii. Disp. 1-4. 1883. 
C. Friedel. Sur la Brucite de Cogne (Vallée d’Aoste), 75.—Piolti e 
Portis. Il calcare del Monte Tabor (Piemonte), 403. 


: Memorie. Serie 2. Tomo xxxiv. 1883. 
A, Portis. Sui terreni stratificati di Argentera, 25.—L. Bellardi. I 
molluschi dei terreni terziarii del Piemonte e della Liguria, 219. 


——. Osservatorio della Regia Universita. SBollettino. Anno 16 
(1881). 1882. 


University College. Calendar. Session 1882-83. 1882, 


Victoria Institute. Journal of the Transactions. Vol. xvi. Nos. 
62 & 63. 1882. 

T. K. Callard. Breaks in the Continuity of Mammalian Life in certain 
Geological Periods fatal to the Darwinian Theory of Evolution, 170.—J. 
Hassel. The Theory of Evolution as taught by Hiickel, and held by his 
followers, examined, 249. 


—. ——. Vol. xvi. Nos. 64 & 65. 1883. 


Vienna. Beitrage zur Paliaontologie von Oesterreich-Ungarn, 
Band i. Hefte 3&4. 1882. Purchased. 
F. Wahner. JBeitrage zur Kenntniss der tieferen Zonen des unteren 
VOL, XXXIX. 
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Lias der norddéstlichen Alpen, 73.—Drag. Kramberger-Gorjanovic. Die 
jungtertiire Fischfauna Croatiens, 86.— A. Grunow. Beitrage zur 
Kenntniss der fossilen Diatomeen Oesterreich-Ungarns, 136. 


Vienna. bBeitriige zur Palaontologie von Oesterreich-Ungarn. 
Band i. Hefte 1-3. 1883. Purchased. 

J. Velenovsky. Die Flora der bohmischen Kreideformation, 1.—O. 
Novak. Zur Kenntniss der bohmischen Trilobiten, 23.—Drag. Kram- 
berger-Gorjanovic. Die jungtertiaére Fischfauna Croatiens, 65.—K. A. 
Penecke. Beitrage zur Kenntniss der Fauna der slavonischen Paludinen- 
schichten, 87.—M. Neumayr. Ueber die Mundoffnung von Lytoceras 
ummane, Opp., 101. 


——. Kaiserliche Akademie der Wissenschaften. Anzeiger. 1882, 
Nos. 14-28. 1882. 

F. Wahner. Schreiben ddo. Hamaden 20 Mai 1882, 143.—G. Tscher- 

mak. Ueber die Auffindung des Danburits, eines seltenen Minerals, in 
den Schweizer Alpen, 212. 


—. ——. ——. 1883, Nos. 1-13. 1883. 
©. von Ettingshausen. Beitrage zur Kenntniss der Tertiarflora 
Australien’s, 31.—E. Hussak. Ueber den Cordierit in vulcanischen 
Auswiirflingen, 72.—M. Neumayr. Ueber climatische Zonen wahrend der 
Jura- und Kreidezeit, 92.—D. Stur. Zur Morphologie und Systematik der 
ulm- und Carbon-Farne, 95. 


‘ . Denkschriften. Mathematisch-naturwissenschaft- 
liche Classe. Band xliii. 1882. 

C. von Ettingshausen. Beitrage zur Erforschung der Phylogene der 
Pflanzenarten (Abth. 1), 95.—F. von Hochstetter. Die Kreuzberghohle 
bei Laas in Krain und der Hohlenbar (Abth. 1), 293.—A. Brezina. Ueber 
die Reichenbach’schen Lamellen in Meteoreisen (Abth. 2), 15. 


ns 3 : . | Band xlivy,  LSs2. 

F. Toula. Grundlinien zur Geologie des westlichen Balkan (Abth. 2), 1. 
—A. Brezina. Ueber die Orientirung der Schnittflachen an Eisenme- 
teoriten mittelst der widmannstadten’schen Linien (Abth. 2), 121.—E, 
Holub und M. Neumayr. Ueber einige Fossilien aus der Uitenhage- 
Formation in Stid-Afrika (Abth. 2), 267. 


q .  Sitzungsberichte der mathematisch-naturwissen- 
schaftliche Classe. Band Ixxxii. Heft 5 (1881). 1881. 
A. Byezina. Ueber die Meteoreisen von Bolson de Mapimi, 473. 


ae . ——. Bandlxxxiv. Hefte 1-5(1881). 1881-82. 
L. Szajnocha. Ein Beitrag zur Kenntniss der jurassischen Brachio- 
poden aus den karpathischen Klippen, 69.— M. Neumayr. Morpholo- 
gische Studien iiber fossile Echinodermen, 143.—J. Woldrich. _ Ueber 
die diluviale Fauna von Zuzlawitz bei Winterberg im Bohmerwalde, 177, 
—A. Biezina. Bericht tiber neue oder wenig bekannte Meteoriten, 277. 
—D.Stur. Die Silur-Flora der Etage H-h, in Bohmen, 330.—F. Becke. 
Die krystallinischen Schiefer des niederdsterreichischen Waldviertels, 
546. 


os 


—_.. ' Band Ixxxy. Hefte 1-5. 1882. 
F, Berwerth. Ueber die chemische Zusammensetzung der Amphibole, 
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153.—G. Tschermak. Ueber die Meteoriten von Mocs, 195.—A. Brezina. 
Bericht tiber neue oder wenig bekannte Meteoriten, 335.—C. Dolter. 
Ueber die mechanische Trennung der Mineralien, 442.—G. Bruder. Neue 
Beitrage zur Kenntniss der Juraablagerungen im nordlichen Bohmen, 
450. 


Vienna. Kaiserlich-kénigliche Bergakademien zu Leoben und Pri- 
bram und die koniglich ungarische Bergakademie zu Schemuitz. 
Berg- und hiittenminnisches Jahrbuch. Band xxx. Hefte 
2-4, 1882. 

A. R. Schmidt. Ueber den alten Silber- und Kupfer-Bergbau am 

Rehrerbiichel behuf einer allfalligen Wiederaufnahme desselben, 280. 


-——. Kaiserlich-konigliche geologische Reichsanstalt. Abhand- 
lungen. Band vii. Heft 6. 1882. 
V. Hilber. Neue und wenig bekannte Conchylien aus dem ostgalizi- 
schen Miocan, 1. 


——. Jahrbuch, 1882. Band xxxii. Nos. 2-4. 1882. 

V. Hilber. Geologische Studien in den ostgalizischen Miocin-Ge- 
bieten, 193.—E. Reyer. Neptunisch oder Plutonisch ?, 331.—E. Reyer. 
Ansichten tiber die Ursachen der Vulcane, 345.—R. Zuber. Detail- 
Studien in den ostgalizischen Karpathen zwischen Delatyn und ‘Jablanéw, 
351.—V. Uhlig. Zur Kenntniss der Cephalopoden der Rossfeldschichten , 
373.—M. Kispatic. Die Trachyte der Fruska gora in Kroatien (Syrmien), 
397.— M. Kispatié. Die grinen Schiefer des Peterwardeiner Tunnels und 
deren Contact mit dem Trachyt, 409.—E. Doll. Die Meteorsteine von 
Mocs. Bemerkungen tber die rundlichen Vertiefungen, die Gestalt und 
Rotation der Meteoriten und eine Fallzone derselben, 421.—J. N. Wold- 
tich. Beitrage zur Fauna der Breccien und anderer Diluvialgebilde Oes- 
terreichs, 455.—R. Scharizer. Der Basalt von Ottendorf in oesterreich. 
Schlesien, 471.—H. Becker. Die tertiaren Ablagerungen in der Umge- 
bung von Kaaden, Komotau und Saaz, 499.—F. Lowl. . Der Gebirgshau 
des mittleren Egerthales, 537. R. Handmann. Die fossile Mollusken- 
fauna von Kottengbrunn, 545.—YV. C. Pollack. Beitrage zur Kenntniss 
der Bodenbewegungen, 565.—F.. Teller und C. v. John. Geologisch- 
petrographische Beitrage zur Kenntniss der dioritischen Gesteine von 
Klausen in Sidtirol, 589: — HE. Tietze. Bemerkungen iiber die Bildung 
von Querthalern, 685. 


: ‘ , 1883. Band xxxiii. No.1. 1883. 

H. von Foullon. Ueber Verwitterungsproducte des Uranpecherzes und 
iber die Trennung von Uran und Kalk, 1—F. Sandberger. Ueber den 
Basalt von Naurod bei Wiesbaden und seine Einschliisse, 33.—F. Toula. 
Materialien zu einer Geologie der Balkanhalbinsel, 61.—A. Pelz und E. 
Hussak. Das Trachytgebiet der Rhodope, 115.—A. Bittner. Ueber den 
Charakter der sarmatischen Fauna des Wiener Beckens, 131.—T. Harada. 
Hin Beitrag zur Geologie des Comelico und der westlichen Carnia, 151.— 
D.Stur. Funde von untercarbonischen Pflanzen der Schatzlarer Schichten 
am Nordrande der Centralkette in den nordéstlichen Alpen, 189.—H. von 
Foullon. Ueber die petrographische Beschaffenheit der krystallinischen 
Schiefer der untercarbonischen Schichten und einiger alterer Gesteine aus - 
der Gegend von Kaisersberg ber St. Michael ob. Leoben, und krystallini- 
scher Schiefer aus dem Palten- und oberen Enansthale in Obersteiermark, 


207. 
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Vienna. Kaiserlich-konigliche geologische Reichsanstalt. Verhand- 
lungen. 1882, Nos. 9-17. 1882. 

G. Stache. Ueber die Stellung der Stomatopsis-Horizonte in der 
untersten Abtheilung der liburnischen Stufe, 149.—A. Rzehak. Die 
Amphisylenschiefer in der Umgebung von Belfort, 151.—J. v. Halavats. 
Tabellarische Uebersicht ungarischer Gasteropoden, 153.—H. Fugger. 
Jurakalke auf dem Untersberg bei Salzburg, 157.—E. Fugger. Glaciale 
Erscheinungen in der Nahe der Stadt Salzburg, 158.—H. Doll. Ueber 
die Meteorsteine von Mocs, 159.—J. Woldiich. Knochenreste aus Istrien, 
160.—M. Neumayr. Die diluvialen Saugethiere der Insel Lesina, 161.— 
R. Zuber. Aus den ostgalizischen Karpathen, 161.—J. Szabo. Die 
makrographische Kintheilune der Trachyte, 166.—F’. Standfest. Ueber 
das Alter der Schichten von Rein in Steiermark, 176.—R. Hornes. Ueber 
die Analogien des Schloss-A pparates von Megalodus, Diceras und Caprina, 
179.—F. Toula. Kleine Excursions-Ergebnisse aus der Gegend von Le- 
bring und Wildon, 191.—F. Toula. Das Vorkommen von Orbitolinen- 
Schichten in der Nahe von Wien, 194.—F’. Toula. Hierlatz-Schichten am 
Nordost-Abhange des Anninger, 196.—F. Toula. Das Vorkommen von 

erithium margaritaceum, Broce., bei Amstetten in Niederdsterreich, 198, 
—E. v. Mojsisovics. Die Cephalopoden der mediterranen Triasprovinz, 
199.—A. Rzehak. Orbitoidenschichten in Mahren, 202.—V. Uhlig. Die 
Umgebung von Mosciska, dstlich von Przemysl, 204.—H. Lechleitner. 
Mittheilungen aus der Gegend von Rattenberg, 207.—C. M. Paul. Hin 
neuer Cephalopodenfund 1m Karpathensandsteine, 209.—R. Handmann. 
Zur Tertiarfauna des Wiener Beckens, 210.—V. Uhlig. Ueber Miocan- 
bildungen im nordlichen Theile des Westkarpathen zwischen den Flussen 
Wislok und Wisloka, 222,225.—G. Cobalcescu. Geologische Untersu- 
chungen im Buzeuer-Districte, 227.—D. Kramberger-Gorjanovic. Ueber 
fossile Fische der stidbaierischen Tertiarbildungen, 231.—-A. Bittner. 
Aus dem Halleiner Gebirge, 285.—F. Teller. Ueber die Lagerungsver- 
hiltnisse im Westfliigel der Tauernkette, 241.—V. Hilber. Geologische 
Aufnahmen um Jaroslaw und Lezajsk in Galizien, 245.—F. Toula. Hinige 
neue Wirbelthierreste aus der Braunkohle von Goriach bei Turnau in 
Steiermark, 274.—F. Toula. Oberkiefer-Backenzahne von Rhinoceros 
tichorhinus, Fischer, 279.—K. Fugger und C. Kastner. Die geologischen 
Verhiltnisse des Nordabhanges des Untersberges bei Salzburg, 279.—C. 
-W. Giimbel. Kzeide in Salzburg; Gyroporellenschichten in den Rad- 
stiidter Tauern ; Fischftihrende Schichten bei Traunstein, 286.—V. Hilber. 
Ueber eine einseitige westliche Steilboschung der Tertiar-Riicken siid- 
dstlich von Graz, 290.—H. Kittl. Geologische Beobachtungen im Lei- 
thagebirge, 292.—H. Engelhardt. Ueber Tertiirpflanzen von Galgen- 
bergen bei Waltsch in Boéhmen, 301.—A. H. Schindler. Aus dem 
nordwestlichen Persien, 301.—V. Uhlig. Reisebericht aus Westgalizien: 
Funde cretacischer und alttertiarer Versteinerungen, 306.—V. Hilber. 
Geologische Aufnahmen um Lubaczéw und Sieniawa in Galizien, 307.— 
M. Vaéek. Ueber die Radstadter Tauern, 510.—K. Paul. Geologische 
Notizen aus der Moldau, 316.—E. Tietze. Notizen tiber die Gegend 
zwischen Plojeschi und Kimpina in der Wallachei, 517.—A. Bittner. 
Neue Petrefactenfundorte im Lias und in der Trias der Salzburger Alpen, 
317.—M. Vacek. Ueber neue Funde von Dinotheritum im Wiener Becken, 
341.—F. Teller.—Ueber die Aufnahmen im Hochpusterthale, speciell im 
Bereiche der Antholzer Granitmasse, 342.—H. von Foullon. Ueber 
das Strontianit-Vorkommen in Westphalen, 346. 


—. ——. ——. 1883, Nos. 1-3. 1883. | 
F.v. Hauer. Jahresbericht, 1.—T. Fuchs. JBeitrage zur Lehre tiber 
den Einfluss des Lichtes auf die bathymetrische Verbreitung der Meeres- 
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organismen, 17.—A.-G. Nathorst. Ueber die wissenschaftlichen Resultate 
der letzten schwedischen Expedition nach Spitzbergen, 25.—V. Hilber. 
Ueber die obersten sarmatischen Schichten des Steinbruches bei der 
Bahnstation Wiesen im Oedenburger Comitate, 28.—M.Neumayr. Ueber 
ein Lytoceras mit erhaltener Mindung, 30.—E. Tietze. Die Gegend 
nordlich yon Rzeszow in Galizien, 31.—J. Klvana. Ueber die Silur- 
schichten der beiden Moldauufer siidlich von Prag, 37.—C. De Stefani. 
Verzeichniss von Fossilien der oberen und mittleren Kreide im noérdlichen 
Apennin, 43—F’. Teller. Diluviale Knochenbreccie von der Insel Cerigo, 
47.—D. Stur. Funde von untercarbonischen Pflanzen am Nordrande 
der Centralkette in den nordéstlichen Alpen, 48.—H. von Foullon. 
Ueber die petrographische Beschaffenheit der Gesteine aus der Umgebung 
des Graphites bei Kaisersberg in Steiermark, 50.—R. Handmann. Zur » 
geologischen Gliederung der Conchylienablagerung von Gainfarn, 55.— 
V. Uhlig. Vorlage der Kartenblatter Mosciska, Tyczyn-Dynow und 
Brzostek-Strzyzow in Galizien, 66.—V. Goldschmidt. Ueber Indicatoren 
zur mechanischen Gesteins-Analyse, 68.—S. De Stefani. Fossilfunde aus 
dem Veronesischen, 76.—T. Harada. Geologische Aufnahme im Comelico 
und der westlichen Carnia, 78.—G. C. Laube. Bemerkung uber das 
Vorkommen von Hornstein und Baryt im Porphyrgebiete von Teplitz in 
Bohmen, 85.—C. von Camerlander. Angaben H. Wolf's uber Devon 
westlich yom Briinner Syenitzug, 87.—F.. Lowl. Ueber das Problem der 
Flussdurchbrtiche, 90.—A. Brezina. Weitere Nachrichten tber den 
Meteoriten von Alfianello, 95.—M. Vaéek. Ueber neue Funde von Mas- 
todon, 94.—C. v. John. Untersuchungen verschiedener Kohlen aus 
Bulgarien, 99.—E. Tietze. Geologische Uebersicht von Montenegro, 100. 
—V. Uhlig. Vorlaufige Mittheilung tiber die Foraminiferenfauna des 
russischen Ornatenthones, 101.—H. von Foullon. Ueber krystallinische 
Schiefer aus dem Palten- und oberen Ennsthale, 103.—A. Pelz. Reise- 
notizen aus Mittelbulgarien, 115.—H.von Foullon. Kersantit von Sokoly 
bei Trebitsch in Mahren, 124.—H. Abich. Das Petroleum und die geo- 
logischen Bedingungen seines Erscheinens im Kaukasus, 125. 


Vienna. Mineralogische und petrographische Mittheilungen. Neue 
Folge. Band v. Hefte 1-3. 1882-83. Purchased. 

A. Wichmann. Lin Beitrag zur Petrographie des Viti-Archipels, 1. 
—K. Hussak. Ueber einige alpine Serpentine, 61.—F. Becke. Baryt- 
krystalle in den Quellbildungen der Teplitzer Thermen, 82.—C. W. C. 
Fuchs. Die vulkanischen Ereignisse des Jahres 1881, 97.—F. Becke. 
EKruptivgesteine aus der Gneissformation des niederdsterreichischen Wald- 
viertels, 147.—F. Becke. Glaseinschliisse in Contactmineralen von 
Canzacoli bei Predazzo, 174.—A. Frenzel. Mineralogisches, 175.—A. 
Bohm. Ueber die Gesteine des Wechsels, 197.—R. Koller. Der Granit 
von Rastenburg, 215.—C. Délter. Ueber einige Augite von bemerkens- 
werther Zusammensetzung, 224.—A. Koch. Erganzender Bericht tiber 
den Meteoritenfall bei Moécs in Siebenbiirgen am 3 Februar 1882, 234. 
—F, Hammerschmidt. Beitrage zur Kenntniss des Gyps- und Anhy- 
dritgesteines, 245.—H. Baumhauer. Ueber einige optische Erscheinungen 
am Quarz, Gyps und Kalkspath, 285. 


——. Kaiserlich-konigliche zoologisch-botanische Gesellschaft. 
Verhandlungen. Jahrgang 1882. Band xxxii. 1883. 


Warwick. Warwickshire Naturalists’ and Archeolovists’ Field 
Club. Proceedings, 1881. 1882. 
A, J. Slatter. On the Foraminifera from the Lias, 2. 
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Warwick. Warwickshire Natural History and Archeological 
Society. 46th Annual Report. 1882, | 


Washington. Smithsonian Institution. Bureau of Ethnology. 
First Annual Report, 1879-80, by J. W. Powell. 4to, Wash- 
meton., 138i. 


——. ——. Annual Report of the Board of Regents for the Year 
18380 Asst: 
G. W. Hawes. Record of recent Scientific Progress. Geology, 221. 
—G. W. Hawes. Record of recent Scientific Progress. Mineralogy, 
299. 


Watiord. Hertfordshire Natural History Society and Field Club. 
Transactions. Vol.1. Parts8&9. 1882. 


a eee ee VO), We aris ae woo eae 


Wellington. New-Zealand Institute. ‘Transactions and Proceedings. 
Vol. xiv. (1381), 13882. 

W.T. L. Travers. Remarks on the Sand Dunes of the West Coast of 
the Provincial District of Wellington, 89.—W. Stuart. On the Formation 
of Lake Wakatipu, 407—T. W. Kirk. Description of new Tertiary 
Fossils, 409.—A. McKay. On a Deposit of Moa Bones near Motanau, 
North Canterbury, 410.—Julius von Haast. Further Notes on the Thermal 
Springs in the Hanmer Plains, Provincial District of Nelson, 414.—8. H. 
Cox. Notes on the Mineralogy of New Zealand, 418.—W. D. Campbell. 
On Crystalline Rocks, 450.—W. D. Campbell. Notes on a Pseudomor- 
phous Form of Gold, 457. 


Wiesbaden. Nassauische Verein ftir Naturkunde. Jahrbucher. 
Jahrgang 33 & 34 (1880 & 1881). 1882. 


; aE . Jdahrgang 35. 1882. 
H. von Dechen. Carl Kock, 1. 


Winchester College Natural History Society. Fifth Report. 10th 
year. 1881. Presented by W. Whitaker, Esq., F.GS. 
A. H. Kensington. Glaciers, 27.—C. Griffiths. List of the principal 
Pits and Geological Sectionsin Winchester and the Neighbourhood, with 
Lists of Fossils, 107. 


Winnipeg. Manitoba Historical and Scientific Society. Annual 
Report for the Year 1882-83. 1883. 


; Publications, Nos. 1-4. 1883. ? 
J. H. Panton. Gleanings from the Geology of the Red River Valley, 
No. 8. 


York. Natural-History Journal. Vol. vi. No. 50. 1882. Presen- 
ted by W. Whitaker, Esq., F.GS. 3 


——. Yorkshire Philosophical Society. Annual Report for 1882. 
1883. 
W. Keeping. The Geology of the new Railway Cutting in the Cave 
District, South Yorkshire, 45. 


oe 
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Zoological Society. Proceedings. 1882, Parts 1-3. 1882. 
ao, index, TS 7i—1eau,,” leas: 
= Transactions. | Vol. xi. Part 72 1832. 


2. Booxs. 
Names of Donors in Italics. 


Abich, Herrmann. Geologische Forschungen in den kaukasischen 
Lindern. Theil 2. Geologie des armenischen Hochlandes. I. 
Westhilfte. 4to, and Fol. Atlas. Vienna, 1882. 


Achepohl, L. Das niederrheinisch-westfalische Steinkohlengebirge. 
Lief. 7. Fol. Essen, 1882. Purchased. 


——. ——. Lief.8. Fol. Essen, 1883. Purchased. 


Algeria. Vues des Cotes par Mouchez. 8vo. Paris, 1882. Presented 
by the Dépot de la Marine. 


Allison, L. C., and G. F. Matthews. Discovery of Tripoli or Polish- 
ing Powder, near St. John (New Brunswick). 8vo. 1881. 


Anon. (Aquarius). Floods: their Causes, Mitigation and Cure. 8vo. 
Norwich, 1882. Presented by H. B. Woodward, Esq., F.GS. 


——. River Thames. Abnormal High Tides. 4to. London, 1882. 
——. (W.B.). The Tides. A Theory thereof. 8vo. London, 1883. 


Ansted, D. T. Syllabus of Lectures on Geology and Mineralogy with 
especial reference to the practical applications of those sciences. 
8vo. London, 1845. Presented by H. B. Woodward, Esq., F.GS. 


Balling, C. A. M. Compendium der metallurgischen Chemie. 8vo. 
Bonn, 1882. Purchased. 


Baretti, Martino. Notice géologique et minéralogique de la Vallée 
d’Aoste. 8vo. Turin? 


——. I Ghiacciai antichie moderni. 4to. Turin, 1866. 
——. Otti giorni nel Delfinato. 8vo. Turin, 1873. 


Prelezione al corso di Mineralogia e Geologia nel Regio 
Istituto industriale e professionale di Torino per l’ anno scolastico 
1G j5—/6,  Syo:, Tut, 1675. 


Alecune osservazioni sulla geologia delle Alpi Graie. 8vo. 
Darn, 1876. 
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Baretti, Martino. La Collina di Rivoli. 8vo. Turin, 1876. 
Per Valsoana e Valchiusella ad Ivrea. 8vo. Turin, 1876. 
——. Il] gruppo del Gran Paradiso versante sud-est. 8vo. Turin, 


——. Studi geologici sul gruppo del Gran Paradiso. 4to. Rome, 
S77. 


. Sui Rilevamente Geologici fatti nelle Alpi Piemontesi durante 
la campagna 1877. 4to. Rome, 1878. 


Cenno Biografico del Professore Bartolomeo Gastaldi. 8vo. 
Turin, 1879. 


——. Studi geologici sulle Alpi Graie settentrionali. 4to. Rome, 
1879. | 


I giacimenti antracitiferi di Valle d’ Aosta. Relazione 
chimica di V. Fino e B. Porro. 8vo. Turin, 1880. 


Tl ghiacciaio del Miage versante Italiano del gruppo del 
Monte Bianco (Alpi Pennine). 4to. Turin, 1880. 


——. [1 lago del Rutor (Alpi Graje settentrionali). 8vo. Turin, 
1880. 


. La Catena del Monte Bianco dal colle del Baraccono Fortin. 
8vo. Turin, 1880. 


Resti fossili di Rinoceronte nel territorio di Dusino. 8vo. 
Turin, 1880. 


—, ——-. Comunicazione seconda. S8vo. Turin, 1880; 


Apercu géologique sur la Chaine du Mont Blane en rapport 
avec le trajet probable d’un tunnel pour une nouvelle ligne de 
chemin de fer. 8vo. Turin, 1881. 


Relazione sulle condizioni geologiche del versante destro della 
Valle della Dora Riparia tra Chiomonte e Salbertrand. 8vo. Turin, 
1881. 


—. Resti fossilidi Mastodonte nel territoriod’Asti. 8vo. Turin, 
1881. 


Barrois, C. Note sur des fossiles de Cathervieille. 8vo. Paris, 
1880. 


Sur les formations quaternaire et actuelle des cotes du 
Boulonnais. 8vo. Paris, 1880. 


Sur les Kersantites récentes des Asturies (Espagne). 8vo. 
Paris, 1880. 


Description sommaire des terrains qui affleurent sur la carte 
de Réthel. 8vo. Lille, 1881. 


Note de M. Grand’Kury sur les empreintes houilléres récol- 
tées dans les Asturies. 8vo. Jille, 1881. 
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Barrois, C. Observations sur le terrain silurien supérieur de la 
Haute-Garonne. 8vo. Lille, 1882. . 


Recherches sur les terrains anciens des Asturies et de la 
Galice (Hspagne). Text and Atlas. 4to. Lille, 1882. 


Sur les plages souleyées de la céte occidentale du Finistere. 
2? note. 8vo. Lille, 1882. 


Bauerman, H. A Treatise on the Metallurgy of Iron. 3rd edition. 
8vo. London, 1872. 


A Treatise on the Metallurgy of Iron: containing outlines of 
the history of iron manufacture, methods of assay and analyses of 
iron ores, processes of manufacture of iron and steel. 5th edition. 
8vo. London, 1882. 


Belgium. Commission de la Carte Géologique. Texte explicatif du 
levé géologique de la planchette St. Nicholas, par M. le baron O. 
Van Ertborn et P. Cogels. 8vo. Brussels, 1880. 


: Texte explicatif du levé géologique de la planchette 
Tamise, par M. le baron O. Van Ertborn et P. Cogels. 8vo. 
Brussels, 1880. 


Service de la carte géologique du royaume. Explication de 
la feuille de Ciney, par EK. Dupont et M. Mourlon. 8vo. Brussels. 
1882. Presented by the Musée Royal @histovre naturelle de Belgique. 


Bellardi, LZ. I Molluschi dei Terreni Terziarii del Piemonte e della 
Liguria. Parte 3. 4to. Rome, 1882. 


Beneden, P. J. Van. Une baleine fossile de Croatie, appartenant 
au genre Mésocéte. 4to. Brussels, 1882. 


Bentham, G. Handbook of the British Flora. 8vo. London, 1858. 
Presented by James Love, Esq., F.GS. 


Blackwell, J. H. Report of the Examination of the Mineral Districts 
of the Nerbudda Valley. 8vo. Bombay, 1857. Purchased. 


Blake, J. H. On the Conservancy of Rivers, Prevention of Floods, 
Drainage, and Water-supply. 8vo. Norwich, 1882. 


Blake, W. P. Contributions to the Geology and ana. of 
California, 8vo. Sacramento, 1831. 


The Geology and Veins of Tombstone, Arizona. 8vo. Easton, 
Pay lesis 


The Geology of the Way-up Mining Claim, in its relations 
to the adjoining Property: with Notes on the Occurrence of Ores 
in Chutes or Chimneys. 8vo. New Haven, 1882. 


Bohemia. Landesdurchforschungs-Comité. Archiv der naturwissen- 
schaftliche Landesdurchforschung von Bohmen. Band iv. No. 4. 
1882. Purchased. 

E. Boitky. Petrologische Studien an den Porphyrgesteinen Bohmens, 1. 
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Bohemia. Landesdurchforschungs-Comité. Archiv der naturwissen- 
schaftliche Landesdurchforschung von Bohmen. Band iy. No. 6. 
1881. Purchased. 

C. Feistmantel. Der Hangendflotzzug im Schlau-Rakonitzer Stein- 

kohlenbecken, 1. 


: Band v. No. 1. 1882. Purchased. 
J. Krejci und R. Helmhacker. LHrlauterungen zur geologischen Karte 


des Hisengebirges (Zelezné Hory) und der angrenzenden Gegenden im 
Ostlichen Bohmen, 1. 


—_ 


: : . . No. 2. 1883. Purchased. 
A. Frié. Palaeontologische Untersuchungen der einzelnen Schichten. 
Ill. Die Iserschichten, 1. 


Braconnier, A. Description géologique et agronomique des terrains 
de Meurthe-et-Moselle. 8vo. Nancy, 1883. Purchased. 


Brodie, P. B. On Fossil Arachnide, including Spiders and Scorpions. 
12mo. Warwick, 1882. 


Brongniart, C. Note sur les tufs quaternaires de Bernouyille pres 
Gisors (Eure). 8yvo. Paris, 1880. 


—. Observations sur les Clepsines. 8vo. Paris, 1880. 


Recherches pour servir 4 histoire des insectes fossiles. Les 
Hymeénopteres fossiles. 8vo. Paris, 1881. 


Sur la structure des oothéques des mantes et sur l’éclosion 
et la premiére mue des larves. 4to. Paris, 1881. 


Brusina, Spiridion. Fossile Binnen-Mollusken aus Dalmatien, 
Kroatien und Slavonien nebst einem Anhange. 8vo. Agram, 
1874. 


Buckman, S.S. Some new Species of Ammonites from the Inferior 
Oolite. 8vo. Sherborne, 18838. 


——-—. The Brachiopoda from the Inferior Oolite of Dorset and a 
portion of Somerset. 8vo. Sherborne, 1883. 


Buff, E. Beschreibung des Bergreviers Deutz. 8vo. Bonn, 1882. 
Purchased. 


Buller, W. L. Manual of the Birds of New Zealand. 8vo. Wel- 
lington, N. Z., 1882. 

Burnell, G. R. On the Present Condition of the Water-supply of 
London. 8vo. London, 1861. Presented by H. B. Woodward, 
Esq., F.GLS. 


California State Mining Bureau. Second Report of the State 
Mineralogist of California (H. G. Hanks), 1880-82.  8vo. 
Sacramento, 1882. 


. (A. G. Hanks, State Mineralogist.) Forest Trees of Cali- 
fornia. By A. Kellogg. 8vo. Sacramento, 1882. 
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Capellini, G. Sur la découverte de la cassiterite en Italie. 8vo. 
Lettera al Prof. Michele Lessona. 8yvo. Paris, 1859. 


Della presenza del ferro oolitico nelle montagne della Spezia. 
8vo. Geneva, 1860. 

Balenottera fossile nelle argille plioceniche de 8. Lorenzo in 
Collina (Provincia di Bologna). 8yvo. Bologna, 1862. 


Etudes stratigraphiques et paléontologiques sur l’infra-lias 
dans les montagnes du golfe de la Spezia. S8vo. Paris, 1862. 


——. Conglomerato a ciottoliimprontati. 8vo. Bologna, 1863. 


——. Geologia e paleontologia del Bolognese. 8vo. Bologna, 
1863. 


——. Delfini fossili del Bolognese. 4to. Bologna, 1864. 
——. Balenottere fossili del Bolognese. 4to. Bologna, 1865. 


——. la storia naturale dei dintorni del Golfo della Spezia. 8vo. 
Milano, 1865. 

Ricordi di un viaggio scientifico nell’ America Settentrionale 

nel 1863. 8vo. Bologna, 1867. 

Per la solenne distribuzione delle medaglie agli Espositori 

della Provincia di Bologna premiati nel concorso universale a 

Parigi, anno 1867. 8vo. Bologna, 1868. 

La fosforite in Italia. 8vo. 1869. 

Pesci ed insetti fossili nella Formatione Gessosa del Bolo- 

enese. Syvo. Bologna, 1869. 


Compendio di Geologia per uso degli allievi della R. Univer- 
sita di Bologna. Parte Prima. 8vo. Bologna, 1870. 


Carte Géologique des environs de Bologne et d’une partie de 


la vallée du Reno a 8vo. Bologna, 1871. 


——. Sulla Balena Etrusca. 4to. Bologna, 1878. 


Calcare a Amphistegina, Strati a Congeria e Calcare di 
Leitha dei Monti Livornesi. 8vo. Bologna, 1875. 


——.-. Sull’ analisi meccanica delle roccie crittomere per mezzo 
delle lamine sottili e del microscopio. 8vo. Bologna, 1875. 


[Della Balena di Taranto.] 8vo. Bologna, 1877. 
Della Balena di Taranto confrontata con quelle della Nuova 


Zelandia e con talune fossili del Belgio e della Toscana. 8vo. 
Bologna, 1877. 


——. La Balena di Taranto e il Macieayius del Museo di Parigi. 
8vo. Bologna, 1877. 

Sulla Balenottera di Mondini, rorqual de la mer Adriatique. 

4to. Bologna, 1877. 

Inclusioni di Apatite nella roccia di Monte Cavaloro. 8vo. 

Bologna, 1878. 
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Capellim, G. Balenottera fossile delle Colombaie presso Volterra. 
Ato. Rome, 1879. 


Gli strati a Congerie e la marne compatte mioceniche dei 
dintorni di Ancona. 4to. Rome, 1879. 

——. Sul calcare screziato con Foraminifere dei dintorni di Por- 
retta. 8vo. Bologna, 1879. 

——. Gli strati a Congerie o la formazione Gessosa solfifera nella 
provincia di Pisa e nei dintorni di Livorno. 4to. Rome, 1880. 

——. Avanzi di Squalodonte nella mollassa marnosa miocenica del 
Bolognese. 4to. Bologna, 1881. 

Calcari a bivalvi di Monte Cavallo, Stagno et Casola nell’ 

Apennino Bolognese. 4to. Bologna, 1881. _ 

Il macigno di Porretta et le roccie a Globigerine dell’ Apen- 

nino Bolognese. 4to. Bologna, 1881. 

Le rocce fossilifere dei dintorni di Porretta nel Bolognese e 

? arenaria Roccapalumba in Sicilia. 8vo. Bologna, 1881. 


——. Resti di tapiro nella lignite di Sarzanello. 4to. Rome, 
1881. 


——. Del Tursiops Cortesit e del delfino fossile di Mombercelli 
nell’ Astigiano. 4to. Bologna, 1882. 


Capelim, G.,e G. Carducci. Per l Inaugurazione degli studii dell’ 
anno accademico 1874-75, nella R. Universita di Bologna. 8vo. 
Bologna, 1874. 


Capellina, G.,e Sella. Relazione sopra una memoria del cay. 
Botti. 4to. Rome, 1879. 


Cassell’s Natural History. Edited by P. M. Duncan. Vol. vi. 4to. 
' London, 1883. Presented by Messrs. Cassell, Petter, and Galpin. 


Chévremont, Alexandre. Les mouvements du sol sur les cétes occi- 
dentales de la France et particulicrement dans le Golfe Normanno- 
Breton. 8vo. Paris, 1882. Purchased. 


Clarke, J. M. New Discoveries in Devonian Crustacea. 8vo. 


New Haven, 1883. 


Cogels, P., et EL. Van den Broeck. Observations géologiques faites 4 
Anvers 4 l’occasion des travaux de creusement des nouvelles cales 
séches et de prolongement du Bassin du Kattendyk. 8vo. 
Brussels, 1882. 


Cohen, E. Sammlung von Mikrophotographien zur Veranschau- 
lichung der mikroskopischen Structur von Mineralien und Ge- 
steinen. Lief. vi. & vii. Fol. Stuttgart, 1882. Purchased. 


Sammlung von Mikrophotographien zur Veranschaulichung 
der mikroskopischen Structur von Mineralien und Gesteinen. 
Lief. vii. Fol. Stuttgart, 1883. Purchased. 


Cope, H. D. Paleontological Bulletin. No. 35. 8vo. Philadelphia, 
1882... 
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Cope, EH. D. Mammalia in the Laramie Formation. 8vo. Salem, 
1882. 


——. New Marsupials from the Puerco Eocene. 8vo. Salem, 
1882. 


Cornu, Max., et C..Brongniart. Sur des pucerons attaqués par un 
champignon. 4to. Paris, 1881. 


Cottcau, G. Exposition d’histoire naturelle 4 Reims. 8vo. Paris, 
1880. 


——. Note sur les Salenidées du terrain jurassique. 8vo. Paris, 


1880. 


Description des Echinides fossiles de Vile de Cuba. 8vo. 
Liége, 1881. 


La section de Géologie du Congrés de l’Association frangaise 
pour l’avancement des sciences 4 Reims. 8vo. Paris, 1881. 


Note sur les Echinides des terrains tertiaires de la Belgique. 
4to. Paris, 1881. 


Note sur les Echinocones turoniens de la carriére de Dracy 
(Voune)..Svo.. 1581. 


Note sur les Hemicidaris des terrains jurassiques. 8vo. 
Paris, 18381. 


. Terrain jurassique. Kchinodermes réguliers. Feuilles 
13-20. Planches 311-346. 8vo. Paris, 1881 & 1882. 


——. Sur les Echinides de l’étage sénonien de l’Algérie. 4to. 
Paris, 1882. 


Sur les Echinides fossiles de Vile de Cuba. 4to. Paris, 


1882. 


Coticau, G., Péron et Gauthier. LEchinides fossiles de l’Algérie. 
Fasc. 8. Etage Sénonien. Partie 2. 8vo. Paris, 1881. 


Cox, S. H. Notes on the Mineralogy of New Zealand. 8vo. 
Wellington, 1882. 


Oredner, H. Die Stegocephalen aus dem Rothliegenden des 
Plauen’schen Grundes. III. Theil. 8vo. Berlin, 1882. 


Crié, L. Les origines de la vie. Essai sur la flore primordiale. 
Svo. Paris, 1883. Purchased. 


Croll, J. On the Argument for the Age of the Earth as determined 
by Tidal Retardation. 8vo. London, 1876. Presented by H. B. 
Woodward, Esq., #.G.S. 


Cross, C. W. Etudes sur des roches de Bretagne. (Analyse de 
CO. Barrois.) 8vo. Lille, 1881. 


Crowfoot, W. M. List of Fossils from the Norwich Crag at Aldeby. 
Svo. Norwich, 1878. Presented by H. B. Woodward, Esq., 
F.G.S. 
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Cuttings from Newspapers &c. Presented by Prof. John Morris, 


Dana, E. 8. Third Appendix to the Fifth Edition of Dana’s Mine- 
ralogy. 8vo. New York, 1882. Purchased. 


Dana, J. D. On the Relation of the so-called ‘‘Kames” of the 
Connecticut River Valley to the Terrace-formation. 8vo. New 
Haven, 1881. 


The Flood of the Connecticut River Valley from the Melting 
of the Quaternary Glacier. 8vo. New Haven, 1882. 


Davin, N. F. The Secretary of the Royal Society of Canada. A 
literary fraud. 8vo. Ottawa, 1882. 


Davis, W. M. On the Classification of Lake Basins. 8vo. Boston, 
1882. 


—. The Little Mountains East of the Catskills. 8vo. Boston, 
1882. 


Davison, C. On the Theory of Vorticose Earthquake-shocks. 8vo. 
London, 1882. 


Dawson, J. W. Notes on Prototaxites and Pachytheca discovered 
by Dr. Hicks in the Denbighshire Grits of Corwen, N. Wales. 
8vo. London, 1882. 


The Fossil Plants of the Erian (Devonian) and Upper 
Silurian Formations of Canada. Part 2. Svo. Montreal, 1882. 
(Tract. ) 

De Rance, C. H. Eighth Report of the Committee appointed for the 
purpose of investigating the Circulation of the Underground 
Waters in the Permeable Formations of England, and the Quality 
and Quantity of the Water supplied to various Towns and Districts 
from these formations. S8vo. London, 1882. 


Derby, O. A. A Contribution to the Geology of the Lower Amazonas. 
Svo. Philadelphia, 1879. 


Modes of Occurrence of the Diamondin Brazil. 8vo. New 
Haven, 1879. 


The Geology of the Diamantiferous Region of the Province 
of Parana, Brazil. 8vo. Philadelphia, 1879. 


Dewalque, G. [Compte rendu d’une excursion.| 8vo. Liége, 1880. 


——. Sur la fauna des quartzites taunusiens. 8vo. Liége, 1881. 


. Sur un nouveau gite de fossiles dans Vassise du poudingue 
de Burnot. 8vo. Liége, 1881. 


Observations sur le degré d’avancement des travaux de la 
carte géologique détaillée de la Belgique. Réponse a M. A. 
Rutot. 8vo. Liége, i882. 


Sur la nouvelle note de M. E. Dupont, concernant sa reven- 
dication de priorité. 8vo. Brussels, 1882. 
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Dewalque, G. Sur la session du congrés géologique international. 
Svo. Liége, 1882. 


Sur Vorigine des calcaires devoniens de la Belgique. 8vo. 
Brussels, 1882. 


Sur Vorigine corallienne des calcaires devoniens de la Bel- 
gique. S8vo. Brussels, 1882. 


Adresse aux Chambres Législatives au sujet de la carte 
géologique de la Belgique. 8vo. Liége, 1883. 


Dictionary. French and English, by De Lolme, Wallace, and Bridge- 
man. Revised, corrected, &c., by E. Roubaud. 8vo. London, 
1882. Purchased. 


Dollo, LZ. Premiére note sur les dinosauriens de Bernissart. 8vo. 
Brussels, 1882. 


Deuxiéme note sur les dinosauriens de Bernissart. S8vo. 
Brussels, 1882. 


. Note sur Vostéologie des Mosasauride. S8vo. Brussels, 
1882. 


Note sur la présence chez les oiseaux du “troisiéme tro- 
chanter” des dinosauriens et sur la fonction de celui-ci. 8vo. 
Brussels, 1883. 


Délter, C. Die Vulcane der Capverden und ihre Products. 8vo. 
Graz, 1882. Purchased. 


Duncan, G. M. Somewhat about a few Medical Plants of New 
Brunswick. 8vo.?, 1881? 


Duncan, P. M. On Lakes and their Origin. 8vo. London, 1882. 


On some Points in the Morphology of the Test of the Tem- 
nopleuride. S8vo. London, 1882. 


On the Genus Pleurechinus, L. Agassiz: its classificatory 
Position and Alliances. 8vo.. London, 1882. 


Physical Geography. 8vo. London, 1882. 


——. Presidential Address to the Royal Microscopical Society, 
1882. 8vo. London, 1882. 


Dupont, H. Sur une revendication de priorité introduite devant 
VPAcadémie par M. G. Dewalque, a propos de ma note sur lorigine 
des calcaires devoniens de la Belgique. 8vo. Brussels, 1882. 


. Sur les origines du calcaire carbonifére delaBelgique. 8vo. 
Brussels, 1883, 


England and Wales. Geological Survey. Explanation of Horizontal 
Sections. Sheet 63, by C. H. De Rance. 8yvo0. London, 1872. 


Sheet 127, by Clement Reid. 8vo. London, 


1882. 


Favre, E. Revue géologique suisse pour l’année 1882. XIII. 8vo. 
Geneva, 1883. 


\ 


\ 
in 
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Felix, J. Ueber die versteinerten Holzer von Frankenberg in 
Sachsen. 8vo. Leipzig, 1882. 


Ueber die nordischen Silurgeschiebe der Gegend von 
Leipzig. S8vo. Leipzig, 1883. 


Ferguson, W. Notes on a Sand-covered District on the East Coast of 
Aberdeenshire. 8vo. Edinburgh, 1882. 


Finland. inlands Geologiska Undersékning. Beskrifning till 
Kartbladet No. 5. 8vo. Helsingfors, 1882. 


Fontannes, F. Les terrains tertiaires de la région Delphino- 
Provengale du Bassin du Rhone. (Etudes stratigraphiques et 
paléontologiques pour servir 4 Vhistoire de la période tertiaire 
dans ie bassindu Rhéne, VII.) 8vo. Lyons, 1880. Purchased. 


—. Les invertébrés du bassin tertiaire du sud-est de la France. 
I. Les mollusques pliocenes de la vallée du Rhone et du Rous- 
sillon. Fasc. 4-8. 4to. Lyons, 1883? Purchased. 


Foote, R. B. Sketch of the Work of the Geological Survey in 
Southern India. 8vo. Madras, 1882. 


Forir, H., et G. Dewalque. Compte rendu de la réunion extraordi- 
naire de la Société Géologique de Belgique tenue 4 Verviers du 
17 au 20 Septembre 1881. 8vo. Liége, 1882. 


Foster, C. Le Neve. Report upon the Inspection of Metalliterous 
Mines in the Counties of Anglesey, Brecon, Cardigan, Carnarvon, 
Denbigh, Flint, Merioneth, Montgomery, Radnor, and Shropshire 
and in the Isle of Man for the year 1881. 4to. London, 1882. 


France. Carte géologique détaillée de la France. Notice explica- - 
tive. Feuilles 82,126. (In slips.) 1882. Purchased. 

Dépot de la Marine. Annuaire des courants de marée de 

la Manche pour l’an 1882, par Gaussin. 8vo. Paris, 1882. 


: . Annuaire des marées des cotes de France pour l’an 
1883, par Gaussin et Hatt. 12mo. Paris, 1882. 


Stations de Signaux Horaires établies sur le littoral 
des diverses nations maritimes pour le réglage des chronomeétres 
des batiments. 17 Juillet 1882. 8vo. Paris, 1882. 


: English Channel. Pilote de la Manche sur les 
cétes sud et 8. O. d’Angleterre. Traduit par 8. des Noyers et 
Loizillon. 8vo. Paris, 1881. 


Frantzen, W. Uebersicht der geologischen Verhiltnisse bei Mei- 
ningen. 8vo. Berlin, 1882. 


Frazer, Persifor. Cleopatra’s Needle: Mineralogical and Chemical 
Examination of the Rock of the Obelisk lately transported to New 
York by Lieut.-Commander Henry H. Gorringe, U.8.N. 8yvo?, 
1883. 


. The Iron Ores of the Middle James River, in Amherst and 
Nelson Counties, Virginia. 8vo?, 1883. 
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Garbe, Richard. Die indischen Mineralien, ihre Namen und die 
ihnen zugeschriebenen Kriafte. 8vo. Leipzig, 1882. Purchased. 

Gardner, J. S., and Constantin von Ettingshausen. A Mono- 
graph of the British Eocene Flora. Vol. i. Filices. 4to. London, 
1879-82. 

Gaudry, A. Les enchainements du Monde Animal dans les temps 
géologiques. ossiles primaires. 8vo. Paris, 1883. 

Geikie, Archibald. Text-book of Geology. 8vo. London, 1882. 
Purchased. 

Geikie, James. The Aims and Method of Geological Inquiry. 8vo. 
Edinburgh, 1882. 

Geinitz, H. B. Die sogenannten Koprolithenlager von Helmstedt, 
Biiddenstedt und Schleweke bei Harzburg. 8vo. Dresden, 
1883. | 

Geinitz, H. B., und J. Victor Deichmiiller. Die fossilen Saurier in 
dem Kalke des Rothliegenden von Niederhisslich im Plauen’schen 
Grunde bei Dresden. 8vo. Dresden, 1882. 

Nachtrage zur Dyas II. 4to. Cassel, 1882. 


Geological Record for 1878, edited by William Whitaker and W. H. 
Dalton. 8vo. London, 1882. 4 copies. Purchased. 


Germain, A. ‘Traité d’hydrographie. Levé et construction des 
Cartes Marines. 8vo, and Atlas. Paris, 1882. Presented by 
the Depot de la Marine. 


Gibbes, C. D. Prehistoric Foot-prints in the Sandstone Quarry of 
the Nevada State Prison. 8vo. San Francisco, 1882. Presented 
by M. Attwood, Esq., F.G.S. 

Gilpin, H. The Minerals of Nova Scotia. 8vo. Halifax, N.S., 
1882. 


The Northern Outcrop of the Cumberland Coal Field. 8vo. 
Hahtax, N.S., 2882. - 


Giraud, Herbert, and Robert Haines. Analysis of the Mineral 
Springs, and various Well and River Waters in the Bonihey Pre- 
sidency. S8vo. Bombay, 1860. Purchased. 


Gonzalo y Tarin, J. Hdad geologia de las calizas metaliferas de la 
Sierra de Gador en la Provincia de Almeria. 8vo. Madrid, 
1882. 

Goppert, H. B., und A. Menge. Die Flora des Bernsteins und ihre 
Beziehungen zur Flora der Tertiirformation und der Gegenwart. 
Bandi. 4to. Danzig, 1883. 


Gosselet, J. 5° Note sur le Famennien. Les schistes des environs 
de Philippeville et des bords de ’Ourthe. 8vo. Lille, 1881. 


Description géologique du Canton de Berlaimont. 8vo. 
Lille, 1880. 
VOL. XXXIX. m 
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Gosselet, J. Description géologique du Canton du Nouvion. 8vo. 
Tille, 1881. 


Etude sur la partie supérieure du Bathonien dans le dé- 
partement de Aisne. S8vo. Lille, 1881. 


——. Sur le Caillou de Stonne. 8vo. Lille, 1881. 

——. Exposé de mes études sur le terrain houiller. 8vo. Lille, 
1882. 

—-~—. Puits artésiens dans les Flandres. 8vo. Lille, 1882. 

——. Sur l’origine de la stratification entrecroisée dans les sables. 
8vo. Lille, 1882. | 

Green, A. H. Geology. PartI. PhysicalGeology. 8vo. London, 
1882. Purchased. 


Greenough. Correspondence on the subject of the Geological Map 
of India, compiled by Professor Greenough. 8vo. Madras, 1857. 
Purchased. 


Gumbel, C. W. Beitrige zur Geologie der Goldkiiste in Afrika. 
8vo. Munich, 1882. 


Geologische Fragmente aus der Umgegend von Ems. 8vo. 
Munich, 1882. 


Haardt, Vinzenz v. Die Eintheilung der Alpen. 4to. Vienna, 
1882. Purchased. 


Hanks, H. G. Gold Nuggets. 8vo. San Francisco, 1881. 


—. Notes on Roscoelite. 8vo. San Francisco, 1881. 


The Placer County Iron Mine. An Important New Home 
Industry. N.S. slip, San Francisco, 1881. 


Harkness, H. W. Footprints found at the Carson State Prison. 
8vo. San Francisco, 1882. 


Harrington, B. J. ITife of Sir William E. Logan, Kt., LL.D., 
F.R.S., F.G.S., &c., First Director of the Geological Survey of 
Canada. 8vo. London, 1883. 

Harrison, W. J. On the Quartzite Pebbles contained in the Drift, 
and in the Triassic Strata of England, and on their derivation 
from an ancient land barrier in Central England. 8vo. Bir- 
mingham, 1882. 

The Paleontographical Society. 8vo. Birmingham, 1882. 

Hasse, C. Das natiirliche System der Elasmobranchier auf Grund- 
lage des Baues und der Entwicklung ihrer Wirbelsiule. Beson- 
derer Theil. Lief. 2&8. 4to. Jena, 1882. Purchased. 

Hauer, F. von. Berichte tber die Wasserverhiltnisse in den 
Kesselthailern von Krain. 4to. Vienna, 1883. 


Haug, EH. Ueber sogenannte Chetetes aus mesozoischen Ablage- 
rungen. 8vo. Stuttgart, 1883. 
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Héusler, Dr. R. Notes on the Trochammine of the Lower Malm 
of the Canton Aargau, Switzerland. 8vo. London, 1882. 


Additional Notes on the Trochammine of the Lower Malm 
of the Canton Aargau, including Webbina and Hormosina. 8vo. 
London, 1882. 


Hawes, G. W. On Liquid Carbon Dioxide in Smoky Quartz. 8vo. 
New Haven, 1881. 


Heaphy, M. Electric Lighting. A Report to the Phcenix Fire 
Office upon the various systems of electric lighting and the 
dangers attending them. 4to. London, 1882. 


Hébert, E. Le terrain crétacé des Pyrénées. 8vo. Paris, 1881. 


——. Le terrain pénéen de la Rhune et létage corallien des 
Pyrénées. 8vo. Paris, 1881. 


Sur le groupe nummulitique du Midi de la France. S8vo. 
Paris, 1882. 


Sur le groupement des couches les plus anciennes de la série 
stratigraphique a Voccasion du projet de carte géologique inter- 
nationale de Europe. 8vo. Paris, 1883. 


Heer, O. Flora fossilis arctica. Die fossile Flora der Polarlinder. 
Band vi. Abth. 2. 4to. Zurich, 1882. Purchased. 


Helmersen, G. von. Geologische und physico-geographische Beob- 
achtungen im Olonezer Bergrevier. 8vo. St. Petersburg, 1882. 
Atlas, 4to. 


——. Studien iiber die Wanderblécke und die Diluvialgebilde 
Russlands. Lief. 11. 4to. St. Petersburg, 1882. 


Henwood, W. J. Report on the Metalliferous Deposits of Kumaon 
-and Gurhwal in North-western India. 8vo. Calcutta, 1855. 
Purchased. 


Hicks, H. On the Discovery of some Remains of Plants at the Base 
of the Denbighshire Grits, near Corwen, North Wales, with an 
Appendix by R. Etheridge. 8vo. London, 1881. 


Additional Notes on the Land Plants from the Pen-y-glog 
Slate Quarry near Corwen, North Wales. 8vo. London, 1882. 


On some Recent Researches ameng Lower Paleozoic Rocks in 
the British Isles. 8vo. London, 1882. 


Hill, H. On the Effect of Fluctuations in a Variable, upon the mean 
Values of Functions of the Variable; with an application to the 
theory of Glacial Epochs. 8vo. Cambridge, 1882. 

Hinde, G. J. Notes on Fossil Calcispongize, with Descriptions of 
New Species. 8vo. London, 1882. 


On Annelid Remains from the Silurian Strata of the Isle of 
Gotland. 8vo. Stockholm, 1882. 
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Hornes, R. Zur Wirdigung der theoretischen Speculationen tiber 
die Geologie von Bosnien. 8vo. Graz, 1882. 


Huddleston, W. H. On the Geology of Palestine. S8vo. London, 
1883. 


Hulke, J. W. An Attempt at a complete Osteology of Hypsilo- 
phodon Foxu, a British Wealden Dinosaur. 4to. London, 
1882. 


Address delivered at the Anniversary Meeting of the Geo- 
logical Society of London on the 16th February, 1883. 8vo. 
London, 1883. 


Hull, E. Contributions to the Physical History of the British Isles, 
with a Dissertation on the Origin of Western Europe, and of the 
Atlantic Ocean. 8vo. London, 1882. 


India. Geological Survey. Memoirs. Vol. xix. Part 1. 1869. 


Paleontologia Indica. Series 10. Indian 
Tertiary and Post- -tertiary Vertebrata. By R. Lydekker. Vol. 1. 
Parts 1-3. 1881-82. 


1883. 


——. ——. Part 5. 


-. . Ser. 14. Tertiary and Upper Cre- 
Piecous Possits of Western Sind. Vol.i. 3. The fossil Echi- 
noidea. Fasc. 2. The fossil Echinoidea from the Ranikot series 
of Nummulitic strata in Western Sind. By P. M. Duncan and 
W. P. Sladen. 1882. 


——. ——. Records. Vol. xv. Parts 3&4. 1882. 
—, ——. —. Vol. xvi. Partl. 1883. 

. Reports on the Coal Resources and Production of India. 8vo. 
Calcutta, 1868. Purchased. 


Indiana. Department of Geology and Natural History. Eleventh 
Annual Report, for 1881. (John Collett, State Geologist.) 8vo, 
Indianapolis, 1882. 


International Geological Congress. Report of British Sub-Com- 
mittee. No.i. Part 1. Pliocene and Post-Pliocene. H. B. 
Woodward, Reporter. 8vo. Cambridge, 1882, and Supplement, 
1883. 


. —-—. Part2. Miocene and Eocene. J.S. Gardner, 
Reporter. 8vo. Cambridge, 1883. 


: No. iii. Part 2. Permian and Trias. A. Irving, 
Reporter. 8vo. Cambridge, 1883. All Presented by Prof. T 
M‘K. Hughes, F.GS. 


Irving, A. On the Classification of the European Rocks known as 
Permian and Trias. 8vo. London, 1882. 


——. Notes on the Post-Carboniferous (Dyassic) and Triassic De- 
posits of the Aips. 8vo. London, 1882. 
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Jack, R. L. See Queensland. 


Jameson, T. F. On the Cause of the Depression and Re-elevation 
of the Land during the Glacial Period. 8vo. London, 1882. 


Jeffreys, J. Gwyn. Black-Sea Mollusca. 8vo. London, 1882. 


Notes on the Mollusca procured by the Italian Exploration 
of the Mediterranean in 1881. 8vo. London, 1882. 


——. Onthe Mollusca procured during the ‘ Lightning’ and ‘ Por- 
cupine ’ Expeditions, 1868-70. Part5. 8vo. London, 1882. 


Mediterranean Mollusca (No. 3), and other Invertebrata. 
8vo. London, 1883. 


Jentzsch, A. Die Lagerung der diluvialen Nordseefauna bei Marien- 
werder. S8vo. Berlin, 1882. 


Jones, T. Rupert. Notes on the Paleozoic Bivalved Entomostraca. 
No. xv. <A Carboniferous Primitia from South Devon. §8vo. 
London, 1882. 


Notes on the Sudden Destruction of Marine Animals. 8vo. 
London, 1882. 


——, Sur le Calcaire 4 Cypris du Boulonnais. 8vo. Paris, 1882. 


On some fossil Entomostraca from the Purbeck Formation 
at Boulogne. 8vo. London, 1885. 


The Importance of Minute Things of Life in Past and Pre- 
sent Times. S8vo. Hertford, 1883. 


Jordan, William Leighton. The New Principles of Natural Philosophy. 
8vo. London, 1883. 


Kayser, Emanuel. Devonische Versteinerungen ans dem siidwest- 
lichen China. Ato. Berlin, 1883. 


——. Cambrische Brachiopoden von Liau-tung. 4to. Berlin, 1883. 


——. Obercarbonische Fauna von Lo-ping. 4to. Berlin, 1883. 


Keeping, W. On the Occurrence of Neocomian Sands with Phos- 
phatic Nodules at Brickhill, Bedfordshire. 8vo. London, 1875. 


——. Notes on the Paleozoic Echini. 8vo. London, 1876. 


——. On the Discovery of Melonites in Britain. 8vo. London, 
1876. 


. On Pelanecrinus, a new Genus of Sea-urchins from the Coral 
Rag. 8yvo. London, 1878. 


On some Columnar Sandstone in Saxon Switzerland. S8vo. 
London, 1879. 


On the Included Pebbles of the Upper Neocomian Sands of 
the South-east of England, especially those of the Upware and 
Potton Pebble Beds. 8vo. London, 1880. 
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Keeping, W. A Popular Hand-book to the Natural History Collec- 
_tion in the Museum of the Yorkshire Philosophical Society, York. 
Svo. York, 1881. 


The Geology of Central Wales. With an Appendix by C. 
Lapworth. 8vo. London, 1881. 


The Glacial Geology of Central Wales. S8vo. London, 1882. 


Keeping, W. The Fossils and Paleontological Affinities of the Neo- 
comian Deposits of Upware and Brickhill (Cambridgeshire and 
Bedfordshire). 8vo. Cambridge, 1883. Presented by the Syndics 
of the Cambridge Unwwersity Press. 

King, W. Geology briefly explained. 2nd edition. Sheet. Dublin. 
No date. Presented by H. B. Woodward, Esq., F.G.S. 


King, W. On the Jointing of Rocks in relation to Engineering, espe- 
cially the Tunnelling of the Strait of Dover. 8vo. Dublin, 1882. 


Kiuns, Samuel. Moses and Geology, or the Harmony of the Bible 
with Science. 4th edition. 8vo. London, 1883. 


Kokscharow, Nikolai v.  Materialicn zur Mineralogie Russlands. 
Band vili., pp. 321-432 (conclusion of vol.). Svo. St. Peters- 
burg, 1882. 

Koninck, L. G. de. Notice sur la famille des Bellerophontide, suivie 
de la description d’un nouveau genre de cette famille. 8vo. 
Liége, 1882. 

Sur quelques cephalopodes nouveaux du caleaire carbonifére 
de ’Irlande. 8vo. Liége, 1882. 

Kraus, G. Beitrige zur Kenntniss fossiler Holzer. 4to. Halle, 
1882. Purchased. 

Lamarck’s Genera of Shells with a Catalogue of Species. Translated 
from the French by A. A. Gould. 8vo. Boston, 1883. Presented 
by H. B. Woodward, Esq., F.G.S. 

Lapparent, A. de. Traité de Géologie. Fascicules 6-8. 8vo. 
Paris, 1882-83. 

——. Purchased. 


Liversidge, A. List of Scientific Papers and Reports. 8vo. Sydney, 
1881 (?). 

—. The Minerals of New-South-Wales. Second edition. Ato. 
Sydney, 1882. 

Lorenz v. Liburnau, Jos. Die geologischen Verhiltnisse von Grund 
und Boden. S8vo. Vienna, 1883. Purchased. 

Loretz, H. Notizen ber Buntsandstem und Muschelkalk in Sud- 
Thiringen. 8vo. Berlin, 1881. 


Beitrag zur geologischen Kenntniss der cambrisch-phylliti- 
schen Schieferreihe in Thiringen. 8vo. Berlin, 1882. 


ADDITIONS TO THE LIBRARY. I43 


Loretz, H. Ueber Transversalschieferung und verwandte Erschei- 
nungen im thiiringischen Schiefergebirge. 8vo. SBerlin, 1882. 


Loriol, P. de. Description des Echinides des environs de Camerino 
(Toscane); précédée d’une notice stratigraphique, par Canavari. 
Ato. Geneva, 1882. Purchased. 


Lubbock, Sir John. Address to the British Association. York 
Meeting, 1881. 8vo. London, 1881. Presented by Prof. John 
Morris, F.G.S.. 


Lidecke, O. Krystallographische Beobachtungen an organischen 
Verbindungen. 8yvo. Leipzig, 1882. 


——. Ueber Feuerblende von St. Andreasburg. 8vo. Leipzig, 
1882. 


Ludwig, E., e A. Renard. Analyses de la vésuvienne d’Ala et de 
Monzoni. 8vo. Brussels, 1882. 


Lydekker, R. Synopsis of the Fossil Vertebrata of India, and Note 
on the Bijori Labyrinthodont. 8vo. Calcutta, 1883. 


Lyell, C. Principles of Geology. 4th edition. 4 vols. 8vo. 
London, 1835. Purchased. 


Mallet, F. R. On Targite from the Neighbourhood of Juggiapett, 
Kistnah District, and on Zinc Carbonate from Karnul, Madras, 
8vo. Calcutta, 1831. 

.- On Oligoclase Granite at Wangtu on the Sutlej, North-west 

Himalayas. 8vo. Calcutta, 1881. 


On Iridosmine from the Noa-Dihing River, Upper Assam, 
and on Platinum from Chutia Nagpur. 8vo. Calcutta, 1882. 


——, New Faces observed on Crystals of Stilbite from the Western 
Ghats, Bombay. 8vo. Calcutta, 1382. 


On Sapphires recently discovered in the North-West Hima- 
laya. 8vo. Calcutta, 1882. 


Mantell, G. Syllabus of a Course of Six Familiar Lectures on Geo- 
logy. 8vo. Brighton, 1837. Presented by H. B. Woodward, Esq. 
F.GS. 

Manzoni, A. La struttura microscopica delle Spugne silicee del 
Miocene medio della provincia di Bologna e di Modena. 4to. 
Bologna, 1882. Purchased. 


Mercey, N. D. Nouvelles observations sur quelques travaux relatifs 
au quaternaire du Nord. 8yo. Lille, 1882. 


Minnesota. Geological and Natural History Survey. (WV. 4. Win- 
chell, State Geologist.) Ninth Annual Report, for the year 1880. 
Svo. St. Peter, 1881. 


Mojsisovics von Mojsvdr, E. Die Cephalopoden der mediterranen 
Triasprovinz. 4to. Vienna, 1882. 
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Morgan, J.de. Géologie dela Bohéme. S8vo. Paris, 1882. Pur- . 
chased. 


Morris, F.O. All the Articles of the Darwin Faith. 8vo. London, 
1882. 


Morris, John. Geological Chart; showing the Order of Succession 
of the various Stratified Rocks, their mineral characters, principal 
fossils, localities, thickness, uses in the arts, &c. Sheet. London. 
Presented by H. B. Woodward, Esq., F.GS. 


Mortillet, Gabriel de. La préhistorique Antiquité de ’Homme. 
8vo. Paris, 1883. Purchased. 


Mourlon, M. Monographie du Famennien comprenant les Psam- 
mites du Condroz et les Schistes de la Famenne proprement dits 
(Devonien Supérieur). S8vo. Brussels, 1875-1883. 


Muner-Chalmas. Observations sur les Algues calcaires confondues 
avec les Foraminiféres et appartenant au groupe des Siphonées 
dichotomes. S8vo. Paris, 1880. 


Munroe, H. 8. La richesse minéral du Japon. Part 1. 8vo. 
Paris, 1877. Presented by Prof. John Morris, M.A., F.GS, 


Natal. Depariment of Mines. Report upon the Coal-fields of Klip 
River, Weenan, Umvoti, and Victoria Counties, together with 
tabulated statement of results obtained from a series of trials of 
Colonial Coal upon the Natal Government Railways, by Frederic 
W.North. 4to. London, 1881. 


Nehring, Alfred. Ueber die letzten Ausgrabungen bei Thiede, 
namentlich tiber einen verwundeten und verheilten Knochen vom 
Riesenhirsch. S8yo. Berlin, 1882. 


Newmayr, M. Charles Robert Darwin. 8vo. Stuttgart, 1882. 


Zur Geschichte des ostlichen Mittelmeer-Beckens.  8vo. 
Berlin, 1882. 


Newberry, J. S. Hypothetical High Tides, as Agents of Geological 
Change. 8vo. New York, 1882. 


. The Origin and Relations of the Carbon Minerais, 8vo. 
New York, 1882. 


Newfoundland. Geological Survey. Report of Progress for the 
year 1881. 


New South Wales. Australian Museum. Report of the Trustees 
for 1881. 4to. Sydney, 1882. 

Department of Mines. Annual Report for the year 1880. 
4to. Sydney, 18381. 

——. -——. Annual Report for the year 1881. 4to. Sydney, 
1882. 


New Zealand. Colonial Museum and Geological Survey. Catalogues 
of the New Zealand Diptera, Orthoptera, Hymenoptera, with 
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descriptions of the species by F. W. Hutton. 8vo. Wellington, 
1881. 

New Zealand. Colonial Museum and Geological Survey. 17th 
Annual Report, 1881-82. 1882. 

: . Reports of Geological Explorations during 1881. 
Svo. Wellington, 1882. 

North, F. W. Report upon the Coalfields of Klip River, Weenan, 
Umyoti, and Victoria Counties, Natal. 4to. London, 1881. 
North Sea. Mer du.Nord. Partie 4. Instructions nautiques de 
Dunkerque jusqu’au Cap Skagen, par Frickman. . 8vo. Paris, 

1881. Presented by the Dépét de la Marine. 

Norwegian North-Atlantic Expedition. Den Norske Nordhavs- 
Expedition. 1876-78. IV.& V. (History, Astronomical and 
Magnetic Observations, and Geography.) 4to. Christiania, 1882. 

——. VI. (Zoology. Holothurioidea by D. C. 

Danielssen and J. Koren.) Ato. Christiania, 18382. 


. — ——. VII. (Zoology. Annelida by G. Armauer 
Hansen.) 4to. Christiania, 1882. 


—. VIII. (Zoology. Buccinide.) 4to. Chris- 


tiania, 1882. 

. IX. (Chemistry. On the solid matter in 
Sea-water and on ‘ Oceanic Deposits” by L. Schmelck.) Ato. 
Christiania, 1882. All presented by the Meteorological Institute, 
Christiania. 

Nova Scotia. Department of Mines. Report for the year 1882. 
8vo. Halifax, N.S., 1883. 

Oldham, T. Geological Glossary for the use of Students. 8vo. 
London, 1879. Purchased. 

Omboni, G. Dei fossile triasici del Veneto che furono descritti e 
figurati dal Prof. P. A. Catullo. 8vo. Venice, 1882. 

Paléontologie francaise. Premicre Série, Animaux Invertébrés. 
Terrain Crétacé. Livr. 29. Zoophytes, par De Fromentel. 8vo. 
Paris, 1883. Purchased. 

. : Terrain Jurassique. Livr. 51 & 54. Cri- 

noides, par De Loriol. 8yvo. Paris, 1882. Purchased. 

. Livr. 53, 55, & 56. Echinodermes 

réguliers, par G. Cotteau. 8vo. Paris, 1882. Purchased. 


¢ 


——. lLivr. 57. Gastéropodes, Tome 3, 
par Piette. 8vo. "Paris, 1882. Purchased. 

; . livr. 58 & 61. Echinodermes 
réguliers, par G. Cotteau. 1883. Purchased. 

._—. ——. Iaivr. 59 & 60. Crinoides, par 
De Loriol. 1883. "Purchased. 


a 
. 
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Partsch, J. Die Gletscher der Vorzeit in dem Karpathen und den 
Mittelgebirgen Deutschlands. 8vo. Breslau, 1882. Purchased. 


Peacock, R. A. Saturated Steam the Motive Power in Volcanoes and 
Earthquakes. 2nd edition with supplement. 8vo. London, 
1882 & 1883. 


. —. Supplement. 8vo. London, 1888. 


Penck, Albrecht. Die Vergletscherung der deutschen Alpen, ihre | 
Ursachen, periodische Wiederkehr und ihre Einfiuss auf die Boden- 
gestaltung. 8vo. Leipzig, 1882. Purchased. 


= 


Penck, A. Schwankungen des Meeresspiegels. 8vo. Munich, 
1882. 


Persia, Eastern. An Account of the Journeys of the Persian Boundary 
Commission, 1870, 71, 72. 2 vols, By Sir F. J. Goldsmid, O. B. 
St. John, B. Lovett, E. Smith, and W. T. Blanford. 8vo. London, 
1876. Purchased. 


Petzholdt, Alexander. Beitrag zur Kenntniss der Steinkohlenbildung 
nebst Kritik des Werkes von P. F. Reinsch : neue Untersuchungen 
iiber die Mikrostruktur der Steinkohle des Carbon, der Dyas und 
Trias. 8vo. Leipzig, 1882. Purchased. 


Postlethwaite, J. Mines and Mining in the Lake District. 8vo. 
Leeds, 1877. 


Prestwich, J. Note et observations théoriques sur la plage soulevée 
de Sangatte. Svo. Paris, 1880. 


On a Raised Beach in Rhos Sili Bay, Gower ;, also on the 
Geological Evidence of the temporary Submergence of the South- 
west of Europe during the early Human Period. 8vo. London, 
1881. 


. On a peculiar Bed of Angular Drift on the Lower-Chalk 
high Plain between Upton and Chilton. 8vo. London, 1882. _ 


On the Occurrence of the Cyrena fluminalis at Summertown, 
near Oxford. S8vo. London, 1882. 

Some Observations on the Causes of Volcanic Action ; also 
on the Strata between the Chillesford Beds and the Lower 
Boulder Clay, ‘‘The Mundesley and Westleton Beds.” 3vo. London, 
1881. 


Pumpelly, R. Northern Transcontinental Survey. First Annual 
Report. 8vo. New York, 1882. 


Punjab. Official Correspondence regarding the Existence of Coal 
and Iron in the Punjab. 8vo. 1859. Purchased. 

Purgold, A. Die Meteoriten des konigl. mineralogischen Museums. | 
8vo. Dresden. 1882. 


Pusch,G.G. Pclens Paliontologie, oder Abbildung und Beschreibung 
der vorziiglichsten und der noch unbeschriebenen Petrefakten aus 
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den Gebirgsformationen in Polen, Volhynien und den Karpathen. 
4to. Stuttgart, 1837. Pres ted by Prof. John Morris, M.A., 
F.GS. 


Queensland. Geological Survey of North Queensland. Further 
Reports on the Progress of the Gold-prospeeting Expedition in 
Cape-York Peninsula. By Robert L. Jack. 4to. Brisbane, 1881. 


. Report on the Little River Coalfield, near Cooktown, cen 
land. By Robert L. Jack. Ato. Brisbane, 1882. 


Stanthorpe Tin Mining District, Queensland. By R. L.,Jack. 
4to. Brisbane, 1882. 


Quenstedt, F. A. von. Die Ammoniten des schwibischen Jura. 
Heft i. Text 8vo; Atlas 4to. Stuttgart, 1883. Purchased. 


——. Handbuch der Petrefaktenkunde. 3° Auflage. Abth. 1. 8vo. 
Tubingen, 1882. Purchased. 


Die Schopfung der Erde und ihre Bewohner. 8vo. Stutt- 
gart, 1882. Purchased. 


Petrefactenkunde Deutschlands. - Abth. 1. Band vu. 
Hefte 2&3. Gasteropoden, Hefte2 & 3. Text 8vo; Atlas 4to. 
Leipzig, 1882. Purchased. 


Raimondi, A. El Departamento de Ancachs y sus riquezas minerales. 
4to. Lima, 1873. Presented by Col. Jara Almonte, Peruvian 
Legation. 


——. El Pert. Tomoi. Parte l. 4to. Lima, 1874. Presented 
by Col. Jara Almonte, Peruvian Legation. 


; Tomo ui. Historia de la geografia del Pera. Libro 1. 
4to. Lima, 1876. Presented by Col. Jara Almonte, Peruvian 
Legation. 


Reade, T. M. On a Section of the Formby and Leasowe Marine 
Beds and superior Peat Bed, disclosed by the cuttings for the 
outlet sewer at Hightown. 8vo. JLzverpool, 1883. 


On the Relations of the Glacial Deposits of the Clyde and 
Forth to those of the North-west of England and North of 
Treland. 8vo. Glasgow, 1880. 


Reinsch, P. F. Composition and Microscopical Structure of Coal. 
8vo. London, 1882. 


Renard, A. Description lithologique des récifs de St. Paul. Byo. 
Pa sscls, 1882. 


Les roches grenatiféres et amphiboliques de la région de 
Bastogne. 8vo. Brussels, 1882. 
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Renard, A. Recherches sur la composition et la structure des 
Phyllades Ardennais. 8vo. Brussels, 1882. 
——. 8vo. Brussels, 1883. 


Recherches sur les terrains anciens des Asturies et de la 
Galice, par C. Barrois. 8vo. Brussels ?, 1883. 


Renault, B. Cours de Botanique fossile fait au Muséum d’ Histoire 
naturelle. Troisieme Année. Fougéres. 8vo. Paris, 1883. 
Purchased. 


Renevier, H. Comité suisse sur unification géologique. &vo. 
Geneva, 1882. 


——. Rapport sur la marche du Musée géologique vaudois en 
1881 suivi de la classification petrogénique adoptée au Musée. 
Svo. Lausanne, 1882. 


——. Nouveau gisement de marbre saccharoide sur Brancon 
(Valais). 8vo. Lausanne, 1883. 


fteyer, EH. Ansichten iiber die Ursachen der Vulcane. 8vo. Vienna, 
1882. 


—. Neptunisch oder plutonisch? 8vo. Vienna, 1882. 

Richards, Thomas. New South Wales in 1881: being a brief 
statistical and descriptive account of the colony up to the end of 
the year, extracted chiefly from official records. Second issue. 
Svo. Sydney, 1882. Presented by the Royal Society of New 
South Wales. 

ftichardson, R. On the Discovery of Arctic Shells at High Levels 
in Scotland. 8vo, Edinburgh, 1882. 

Richthofen, Ferdinand von. China. Band ui. Das nordliche 
China. 4to. Berlin, 1882. 

Richthofen, Ferd. von. China. Band iv. Paleontologischen Theil. 
(Abhandlungen von Dr. Wilhelm Dames, Dr. Emanuel Kayser, 
Dr. G. Lindstrom, Dr. A. Schenk, und Dr. Conrad Schwager.) 
Ato. Berlin, 1883. Purchased. 

Ricketts, C. On some remarkable Pebbles in the Boulder Clay of 
Cheshire and Lancashire. 8vo. Liverpool, 1879. 

Romer, F. Lethea geognostica. I. Theil. Lethza paleozoica. 
Textband, Lief. 2. 8vo. Stuttgart, 1883. Purchased. 

Ross, Lieut.-Col. William Alexander. Pyrology, or Fire Chemistry. 
8vo. London, 1875. 

Alphabetical Manual of Blowpipe Analysis. 8vo. London, 


1880. 

Rothpletz, A. Das Diluvium um Paris und seine Stellung im 
Pleistociin. 4to. Zurich, 1882. Purchased. 

Ruskin, John. Deucalion. Part 8. 1883. 8vo. Sunnyside, 
Orpington, 1883. 
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-Rutimeyer, L. Beitriige zu der Geschichte der Hirschfamilie. I. 
Schadelbau. 8vo. Basel, 1882. 


——, Purchased. 


Rutot, A. Les phénoménes de la sédimentation marine étudiés dans 
leurs rapports avec la stratigraphie régionale. 8vo. Brussels, 


1883. 


ftutot, A., et H. Van den Broeck. Le sol de Bruxelles 4 travers 
les ages géologiques. Introduction 4 Bruxelles 4 travers les ages 
pat Louis Hymans. 4to. Brussels, 1883. 


St. Gothard Tnnnel. Geologische Tabellen und Durchschnitte iiber 
den grossen Gotthardtunnel. Lief. 7-10. 1882. Purchased. 


Sandberger, F. Das Alter der Bimsstein-Gesteine des Westerwaldes 
und der Lahngegend. 8vo. Berlin, 1882. 


Die Triasformation im mittleren Maingebiete. 8vo. Wiirz- 
burg, 1882. 


Ueber den Basait von Naurod bei Wiesbaden und seine 
FEinschliisse. 8vo. Vienna, 1883. 


—. Ueber die mikroskopischen Zirkone in Graniten und 
Gneissen, und den aus diesen entstandenen Triimmergesteinen. 
8vo. Wiurzburg, 1883. 


Saporta, G. de. Apropos des Algues fossiles. 4to. Paris, 1882. 


a Er CnSCO 


Saxony. Geologische Landesuntersuchung des Konigreichs Sachsen. 
Erlauterungen. Blatt 11,12,93. 8vo. Leipzig, 1882. 


—. ——. ——. Blatt 97,113. 8vo. Leipzig, 1881. 


! 4 . Profile durch das Steinkohlenrevier von 
Lugan-Oelsnitz. 8vo. Leipzig, 1882. 


Schwedoff, T. Sur Vorigine de la gréle. 8vo. Odessa, 1882. 


Scudder, S. H. Notes on some of the Tertiary Neuroptera of Flo- 
rissant, Colo., and Green River, Wyoming Terr. 8vo. Boston, 
1882. 

. The Affinities of Palwocampa, Meek and Worthen, as evidence 
of the wide diversity of type in the earliest known Myriapods. 
S8vo. New Haven, 1882. 

Sequenza, G. Studi Paleontologici sulla fauna malacologica dei 
sedimenti pliocenici depositati a grandi profondita. 8vo.. Pisa, 
1875. 


Quadro sinottico dei depositi litorali e submarini delle varie 
zone del Plioceno Italiano. 8vo. Pisa, 1876? 


Della comprensione e dei rapporti della geologia. 8vo. 
Messina, 1882. 
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Sequenza, G. Stu di geologici e paleontologici sul cretaceo medio dell’ 
Italia meridionale. 4to. Rome, 1882. 


——. fl quaternario di Rizzolo. 8vo.? 1883. 


Sheridan, Lieut.-Gen. P. H. Report of an Exploration of Parts of 
Wyoming, Idaho, and Montana in August and September, 1882, 
with the Itinerary of Col. J. F. Gregory, and a Geological and 
Botanical Report by W.H. Forwood. 8vo. Washington, 1882. 


Shore, T. W., and H. Westlake. The Artesian Well at South- 
ampton. Slip. Southampton, 1882. 


Spain. Comision del mapa geolégico de Espana. Boletin. Tomo ix. 
Cuaderno 1. 8vo. Madrid, 1882. ; 


Stokes, A. H. Lead, and Lead Mining in Derbyshire. 8vo. London, 
1880. 


——. (Supplementary paper.) S8vo. London, 1882. 

Svenonius, F. vy. Bidrag till Norrbottens Geologi. S8vo. Stock- 
holm, 1880. Presented by the Geological Survey of Sweden. 

Sweden. Jernkontoret. Medlersta Sveriges Bergslag. Beskrifning. 
Blad Nos. 1, 2,3. 8vo. Stockholm, 1880. 


. —. —. ——. Blad Nos. 6, 8, 9. S8vo. Stock- 
holm, 1882. 


: Allmanna Upplysningar rérande Geologisk 
eect: af A.E. Térnebohm. 8vo. Stockholm, 1880. 
Sveriges geologiska Undersokning. Ser. Aa. Beskrifning 
till Kartblad i skalan 1: 50,000. No. 70. 8vo. Stockholm, 
1881. 


——. Nos.80& 81. 8vo. Stockholm, 1882. 
—$. ——. ——. ——. No. 82. 8vo. Stockholm, 1881. 
—. ——. —. ——. No. 83. 8vo. Stockholm, 1882. 
—. ——. ——. ——. No. 86. 8vo. Stockholm, 1882. 


——. ——. Ser. Bb. Beskrifningar till Specialkartor, Nos. 
1 & 2. Skottorp och Dommestorp i Hallands Liin, af A. Lind- 
strom. 8yvo. Stockholm, 1881. 


Ser. CU. Afhandlingar och uppsatser. No. 45. Om 


“ Sevegruppen ” i nordligaste Jemtland och Angermanland samt 
dess forhallande till fossilforande lager, af F. Svenonius. 8vo. 
Stockholm, 1881. 


: . No. 46. Graptolitskiffrar med Mono- 
gr aptus turriculatus vid Klubbudden niira Motala, af G. Lin- 
narsson. 8vo. Stockholm, 1881. 


: : No. 47. Undersékningar 6fver 
Molluskfaunan i Sveriges aldre mesozooiska Bildningax, af B. 
Lundgren. 4to. Lund, 1831. 
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Sweden. Sveriges geologiska Undersokning. Ser. C. Afhandlingar 
och uppsatser. No. 48. Om Sveriges vigtigaste Kristalliniska 
Bergslag och deras férhillande till hyarandra, af O. Torell. 8vo. 
Stockholm, 1882. 


; No. 49. Tillfragan om forhallandet 
mellan Wemdals-quartsiten 7 OEu Siluriska, Formationen inom 


sddra delen af Jamtlands Lin, af F. Svenonius. 8vo. Stock- 
holm, 1882. 


: . No. 50. Skanes Graptoliter, af 
S. A. Tullberg. I. 4to. Stockholm, 1882. 


. No. 51. Sk&nes Basalter mikro- 
skopiskt pearioralin och beskrifna, af F. Eichstidt. 8vo. Stock- 
holm, 1882. 


: No. 52. Om en postglacial land- 
sinkning 1 Ranaes och medlersta Sverige, af G. de Geer. 8vo. 
eernokn: 1882. 


Symons, B. The Iron and Tin Deposits of Tuscany. Campiglia 
Mining District. 8vo. London, 1883. 


Tarbuck, H.L. Wandbook of House Property. 2nd edition. 8vo. 
London, 1880. 


Tate, Ralph. (Anniversary Address.) Geology in its Relation 
to Mining and Subterranean Water Supply in South Australia. 
Svo. Adelaide, 1882. 


Miscellaneous Contributions to the Natural History of South 
Australia. 8vo. Adelaide, 1882. 


——. On the Geographical Relations of the Pulmoniferous Mol- 
lusea of Victoria. Svo. Adelaide, 1882. 


——. The Geology about Port Wakefield. S8yvo. Adelaide, 1882. 


Thomson, James. A new Family of Rugose Corals and Description 
of the Genera Cyclophyllum, Aulophyllum, and Clisiophyllum. 
8vo. Glasgow, 1882. 


Townsend, J. The Character of Moses established for Veracity as 
an Historian, recording events from the Creation to the Deluge. 
Ato. Bath, 1813. Purchased. 


Trechmann, C. O. Ueber einige Beobachtungen am Epistilbit. 
8vo. Stuttgart, 18382. 


Tschermak, Gustav. Lehrbuch der Mineralogie. Lief. 2. 8vo. 
Vienna, 1882. Purchased. 


_ Tunis, Deserts of. Extraits de la Mission de M. le Commandant 
Roudaire dans les Chotts Tunisiens (1878-79). I. Hydrologie, 
Géologie et Paléontologie par Léon Dru. II. Paléontologie: De- 
scription des espéces nouvelles par Mumer-Chalmas. 8vo. Paris, 
1881. 


Uhlig, V. Die Wernsdorfer Schichten und ihre Aequivalente. 8vo, 
Vienna, 1882. 
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Uhlig, V. Die Cephalopodenfauna der Wernsdorfer Schichten. 4to. 
Vienna, 1883. 


Zur Kenntniss der Cephalopoden der Rossfeldschichten. 8vo. 
Vienna, 1882. 


United States Geological and Geographical Survey of the Territories. 
Bulletin. Vol. vi. No. 3 (completing the series). 8vo. Wash- 
ington, 1882. 

Usill, G. W. Statistics of the Water Supply of the Principal Cities 


and Towns in Great Britain and Ireland. Obl. 8vo. London, 
1881. Purchased. 


Van den Broeck, E. Diestien, Casterlien et Scaldisien: Note sur 
les dépéts lagunaires pliocénes d’Heyst-op-den-Berg et de Beersel 
et sur leur synchronisme dans la région d’Anvers. 8vo. Brussels, 
1882. 

——. Exposé sommaire des observations et découvertes stratigra- 
phiques et paléontologiques faites dans les dépéts marins et fluvio- 
marins du Limbourg pendant les années 1880-81. 8vo. Brussels, 
1882. 


Note sur les levés géologiques de MM. Van Ertborn et 
Cogels. Svo. Brussels, 1882. 


Victoria. Mineral Statistics of Victoria for the year 1881. Ato. 
Melbourne, 1882. Presented by the Minister of Mines. 


——. Regulation of Mines Statute, 1873. 8vo. Melbourne, 
1873. Presented by Prof. J. Morris, M.A., F.GS. 


——. ——. ‘Two copies of the above in Chinese. Sheets. Mel- 
bourne, 1875. Presented by Prof. J. Morris, M.A., F.GS. 

——. Names and Addresses of Inspectors of Mines in Chinese. 
Sheet. Melbourne, 1875. Presented by Prof. John Morris, M.A., 
F.GS. 

Report of the Chief Inspector of Mines to the Honourable 

the Minister of Mines for the year 1881. 4to. Melbourne, 

1882. 


. Reports of the Mining Surveyors and Registrars. Quarter 
ended 30th June, 1882. 8vo. Melbourne, 1882. Presented by 
the Mimster of Mines. 

_._—, —-—. Quarter ended 3lst March, 1882. 4to. Melbourne, 
1882, Presented by the Minister of Mines. 

——  ——. ——. Presenied by the Colomal Office. 

___, ——. Quarter ended 30th September, 1882. 4to. Mel- 
bourne, 1882. Presented by the Minister of Mines. 

Quarter ended 31st December, 1882. 4to. Mel- 

bourne, 1883. Presented by the Muuster of Manes. 


Vogdes, A. W. Notes on a Lost Race of America. Who Built the 
Mounds ; a republication of Heckwelder’s Traditions of the Dela- 
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wares. Description of a new Crustacean from the Upper Silurian 
of Georgia. Description of a new fossil from the Cretaceous 
group of Charleston, 8.C. 8vo. Fort Monroe, Virginia, 1881. 

Vogt, Carl. Les prétendus organismes des Météorites. to. 
Geneva, 1882. Purchased. 

Vom Rath, G. Durch Italien und Griechenland nach dem Heiligen 
Land. 2 vols. 8vo. Heidelberg, 1882. 

Vortrige und Mittheilungen. 8vo. Bonn, 1883. 

Waagen, W. Ueber “ Anomia Lawrenciana de Kon.” 8vo. Stutt- 
gart, 1882. ; 

Wahner, F. SBeitrige zur Kenntniss der tieferen Zonen des unteren 
Lias in den nordostlichen Alpen. 4to. Vienna, 1882. 

Walford, H. A. On some Middle and Upper Lias Beds in the 
neighbourhood of Banbury. 8vo. Banbury, 1879. 

Ward, J. C. On some Gold occurrences. 8vo. Truro, 1879. Pre- 
sented by H. B. Woodward, Esq., F.GS. 

Whitehouse, F. C. Is Fingal’s Cave Artificial? 8vo. New York, 
1882. 

Whitley, Nicholas. The Evidence of Glacial Action in Cornwall and 
Devon. 8vo. Truro, 1881. 

Williams, H. S. Comparison of the Muscles of the Chelonian and 
Human Shoulder Girdles. 8vo. New Haven, 1873. 

Abstract of some Paleontological Studies of the Life History 

of Spirifer levis, H. 8vo. New Haven, 18380. 

On the Occurrence of Proétus longicaudus, Hall. 8vo. 

New Haven, 1880. 

Channel-fillings in Upper Devonian Shales. 8vo. New 

Haven, 1881. | 

. The Recurrence of Faunas in the Devonian Rocks of New 
York. 8vo. ‘Salem, 1881. 

——. The Life-History of Spirifer levis. 8vo. New York, 
1881. 

——,. Catalogue of the Fossils of the Chemung Period of North 
America. 8vo. New Haven; 1882. 

New Crinoids from the Rocks of the Chemung Period (Upper 

Devonian) of New York. 8vo. Philadelphia, 1882. 

On a remarkable Fauna at the base of the Chemung Group 
in New York. S8vo. New Haven, 1883. 

Winn, J. M. Darwin. 8vo. London, 1882. 

Woods, J. E. Tenison. Fish and Fisheries of New South Wales. 
8vo. Sydney, 1832. 

Woodward, H. B. A Sketch of the Geology of Plymouth and the 
Neighbourhood. 4to. London, 1877. 

WOn, XXXIX. 
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Woodward, H. B. A Sketch of the Geology of Swansea and the 
Neighbourhood. 4to. London, 1880. | 
The Noteworthy Springs and Spas of Norfolk. 8vo. 

Norwich, 1881. 

. A Memoir of Dr. 8. P. Woodward, A.L.S., F.G.S., &e., with 
a list of his published papers, 1821-1865. 8vo. Norwich, 1882. 

——. Geological Excursion to Hunstanton. Slip. Norwich (?), 
1883. 

——. Remarks on the Pen Pits and other supposed Karly British 
Dwellings. 8vo. Birmingham, 1883. 

——. The young Collector’s Handbook of Shells. 12mo. London, 
1883. 

Wright, A. W. On the Gaseous Substances contained in the Smoky 
Quartz of Branchville, Conn. 8vo. New Haven, 1881. 

Young, J. On the Identity of Ceramopora (Berenicea) megastoma, 
M‘Coy, with Fistulipora minor, M‘Coy. 8vo. London, 1882. 


Remarks on the Genus Synocladia and other allied forms, 
with description of a new species. 8vo. Glasgow, 1881. 


| Lecchini, S. P. LL’ azione fatale dell’ uomo sulla terra. 8vo. Turin, 
1882. 


Zittel, K. A. Handbuch der Paleontologie. Bandi. 2 Abth. 
2 Lief. 8vo. Munich, 1882. Purchased. 


Zoppetti, V. Arte Mineraria. 2 vols. 8vo. Milan, 1882. Pur- 
chased. 


3. Maps &e. 
The names of Donors in Italies. 


Asia. Map of a part of Eastern Asia to show the commercial posi- 
tion of the productive coalfields of Yesso, Japan. By B.S. Lyman 
and T. Kada. Scale tyggbou9- Tokio, 1876. Presented-by Prof. 
Jj. Morris, M.A... i°.GS. 

Belgium. Commission de la Carte géologique de la Belgique. 
Planchettes Tamise et St. Nicolas. Scale =;i,;,5. Brussels, 1879. 


Bognor Water-works. Section of Well. Presented by Wm. Whitaker, 
Eisq., F.GS. 


Buckland, W. Six Maps (Dorsetshire, Durham, Gloucestershire, 
The Lakes, Somersetshire, and South Wales) used by Dr. Buckland 
in the field, with his notes written on them. Presented by Prof. 
John Morris, M.A., F.GS. 


Capellini, G. Carta Geologica dei Monti di Livorno, di Castellina 
Marittima edi una parte del Volterrano. Scale >5;455- Rome, 
1881. 


ADDITIONS TO THE LIBRARY. 155 


Capellini, G. Carta Geologica della Provincia di Bologna. Scale 
saooas: ome, 1881. 


Carta Geologica dei dintorni del Golfo di Spezia e Val di 
Magra Inferiore. 2° edizione. Scale =5i,5. Rome, 1881. 


Credner, H. Geognostische Karte des Thiiringer Waldes. 2 sheets 
Map; 1 Sheet Sections and Illustrations. Obl. 4to. Gotha, 
1847. Presented by Prof. John Morris, M.A., F.GS. 


Finlands geologiska Undersokning.. Karta No. 5. Scale 55 


1 

0000°* 

France. Carte Bo erase détaillée de la France. Feuilles 82, 
126. Scale gphoy- Paris, 1882. Purchased. 


Dépét dela Marine. 43 maps and plans of various coasts 
and ports. 


Japan. Geological Survey of Hokkaido. A geological and topo- 
graphical map of a rough survey of part of the Bibai Coalfield in 
Yesso, Japan, by B. Smith, aided by Assistant Geologists. 1876. 
Scale =y45. Presented by Prof. John Morris, M.A., F.GS. 


A geological and topographical map of a rough survey 
of part of the Nuppaomanai Coalfield in Yesso, ia by B.S. - 
Lyman and Assistant Geologists. 1876. Scale =j)55. Presented 
by Prof. John Morris, M.A., F.GS. 


——. ——. A geological sid topographical map of a rough survey 
of the Kayanoma Coalfield in Yesso, Japan, by B. Smith, aided by 
Assistant Geologists. 1876. Scale suoy: Presented by Prof. 
John Morris, M.A., F.G.S. 


Ordnance Survey Maps. Presented by the First Commissioner of 
Works. 
One-inch General Map. 
England and Wales. Outline. NewSeries. Quarter-sheets 
257, 259, 268. | 
Ireland. Hills. Sheets 131, 161, 163, 183, 204, 205. 
Scotland. Hills. Sheet 113. 
Six-inch County Maps. 
Argyll. Sheets 52, 64, 65, 188, 196, 197, 198, 207, 208, 
219, 230. 
Berkshire. Sheets 18, 20, 25, 26, 27, 33, 34. 


: ee ee 
—— and Buckinghamshire. Sheet 24 and 52. 
pee TS 
—-—, ——., and Oxfordshire. Sheet 23, 51, 54. 
and Hampshire. Sheets 42 and 2, 43 and 3, 44 and 4. 
? -_—) a> 
—— and Oxfordshire. Sheets 28 and 55, 30 and 57, 
owen ape eh 
56 and 29. 


peter Re 
——, Wiltshire, and Hampshire. Sheet 41, 1, 3. 
Buckinghamshire. Sheet 43. 
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Cheshire. Sheets 3, 10, 11, 18, 17, 18, 19, 27, 28, 30, 302, 
34, 35, 36, 38, 38%, 41, 42, 43, 47, 49, 50, 51, 54, 56, 57, 
59, 62, 66. 

Cornwall. Quarter-sheet 73 N.W. 

Derbyshire. Quarter-sheets 18.H.,S.W.; 28.E.,S.W., N.E. ; 
3.N.E., N.W., 8.E., S.W.; 4 N.W.,.S.W.; 5 N.E., N.W., 
S.E., S.W.;.6 N.E., N.W., S:E:, 8.W.; 7 Nae 
S.B SW. 8 NEON LW. SEL; 9 NB. Wa 
S.W.; 10 N.E., NM.W.; 11. N.E.,. N.W., S.HSgSee 
12 N.E., N.W.,.8.E., 8.W.; 13 N.W., SW. eee 
S.B.;. 15> N.E., N.W.,. 8.W.5 16 N.W. \8.R 2 ae 
17 N.W.,. 8.80318 N.W.; 29 N.E,, NuW., SAVeeee 
N.E., S.E.; 22 N.E. N.W.; 24.N.E., S.E.; 2555: 

Glamorganshire. Sheet 41. 

Hertfordshire. Sheets 3, 4, 17, 35, 37. 


oe 
and Essex. Sheet 5, 1, 2, 7, 8. 


——, Middlesex, and Essex. Sheet 3, 42, 49, 50, 57, 58. 
Inverness (Hebrides). Sheets 6, 13, 21, 22, 29, 41, 46. 


———— 
Orkney. Sheets 70, 71, 72, 73, 72> and 73°, 74 and 75, 


76, 77, ‘78, ‘784 and 83, 79, 80, 81, 82° and 87% G4..3a: 
86, 87, 88, 89, 90, 91, 92, 93, 94,97, 99, 100, TOI aaa: 
103, 104, 106, 107, 108,109,110, 111, 112) ite 
115, 116, 118, 119,.120, 121, 122, 123, 124, 12a ee 
127. 

Shetland. Sheets 2, 5, 8, 12,16, 17,18, 22, 39, 41, 42, 46, 

an 

47, 51, 53 and 57*, 59, 62, 65. 

Shropshire. Quarter-sheets 39 N.E.; 48 S.E., S.W.; 
49 §.E.; 61 N.E. 

Wiltshire, Buckinghamshire, and Hampshire. Sheet 


ee 
43, 41°, 7. 


SS 
—-— and Hampshire. Sheets 22 and 55, 30 and 61. 
Indexes to six-inch County Maps. 
Flint. 
Sussex. 


Pacher, Johann. Kohlen-Revier-Karte der ésterreichisch-ungari- 
schen Monarchie. Prag,1873. Presented by Prof. Jchn Morris, 
MA, FG: 


Saxony. Geologische Landesuntersuchung des Konigreichs Sachsen, 
Karte. Blatt 11, 12, 93,97, 118.  5245,. Also Tafel I. u. II. 


Sections illustrating Blatt 113, Lugan-Oelsnitz. 1881-82. 
Skorpil, H. Carte Géologique de la Roumelle Orientale. z5gh5y- 
1882, (Sliven.) 


Sweden. Jernkontorct. Medlersta Sveriges Bergslag. Geolteey 
dfversigts-karta. Blad 3,5 (1880), 6,8, 9(1882). Scale 


S50000" 
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Switzerland. Commission géologique dela Suisse. Carte géologique. 
Blatt xxiii. A and 8. Scale pypu5- 


‘ 


IJ. ADDITIONS TO THE MUSEUM. 


Specimens illustrating a paper “On the Geology of part of Costa 
Rica,” by G. Attwood, Esq., F.GS. 


Four specimens of Mexican Building Stones, in a case. Presented 
by F. Newman, Esq., F.GS. 


A case of fossils, rocks, &c., from the department of Salto, Uruguay. 
Presented by A. K. Mackinnon, Esq., F.GN. 


A specimen of Oleandridium Beyrichii, Schenk, from the Wadhurst 
Clay of the cliffs east of Hastings. Presented by J. E. H. Peyton, 
Esq., GS. 


Specimen from a Pot-hole in Yuba River, Sierra Nevada Mountains, 
‘California; specimens of the footwall and hanging wall of the 
Sierra Buttes Mine; and a specimen of the country rock, Sierra 
Buttes Mountain. Presented by F. Tendron, Esq., F.GS. 


Thirty microscopic slides showing the condition of gold ‘and sands 
found with placer gold in California. Presented by H. G. Hanks, 
Esq. 


Specimens of fossil plants from the Cape Breton Coal-measures, 
Nova Scotia. Presented by C. Barrington Brown, Esq., F.G.S. 


A collection of rocks and fossils from Japan. Presented by Prof. 
John Morris, M.A., F.GS. 


Rock specimens from Williams Carfion, Colorado, illustrating the 
section shown in fig. 2, page 41, of the Annual Report of the U.S. 
Geol. and Geogr. Survey of the Territories for 1874. Presented by 
Hl. Bauerman, Esq., F.GS. 


Waterworn pebble of Galena from an alluvial deposit of lead-ore, 
Minera, Wrexham. Presented by Dr. C. Le Neve Foster, F.GS. 
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